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Amer! can Approval of an American National Standard requires verification by ANSI 
} that the requirements for due process, consensus, and other criteria for 
Nationa! approval have been met by the standards developer. 


Standard Consensus is established when, in the judgment of the ANSI Board of 
Standards Review, substantial agreement has been reached by directly 
and materially affected interests. Substantial agreement means much more 
than a simple majority, but not necessarily unanimity. Consensus requires 
that all views and objections be considered, and that a concerted effort be 
made toward their resolution. 


The use of American National Standards is completely voluntary; their 
existence does not in any respect preclude anyone, whether he has approved 
the standards or not, from manufacturing, marketing, purchasing, or using 
products, processes, or procedures not conforming to the standards. 


The American National Standards Institute does not develop standards and 
will in no circumstances give an interpretation of any American National 
Standard. Moreover, no person shall have the right or authority to issue an 
interpretation of an American National Standard in the name of the American 
National Standards Institute. Requests for interpretations should be ada- 
dressed to the secretariat or sponsor whose name appears on the title page 
of this standard. 
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Abstract i | 

This standard specifies the Link Access Procedure on the D-channel, LAPD. The purpose of LAPD is a 

iiss, to convey information between layer-3 entities across the ISDN user~network interface using the | te 
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D-channel. LAPD is a protocol operating at the data link layer of the OSI architecture. This standard 
specifies the use of LAPD on a duplex, bit-transparent D-channel on an ISDN interface. The frame 


structure, elements of procedure, format of fields, and procedures for the proper operation of LAPD 
are specified. 
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F orew or d (This Foreword is not part of the American National Standard T1.602-1989.) 


The project on signalling requirements for the ISDN user-network interface was initiated 
under the auspices of Accredited Standards Committee T1 on Telecommunications in 
response to the requirements of industry. In ISDN, the signalling system provides the 
user and the network with a sophisticated method of controlling communication 
resources. 


Two ISDN user-network interfaces are defined internationally in the International 
Telegraph and Telephone Consultative Committee (CCITT) I-series Recommendations: 
the basic interface and the primary rate interface. At each interface, the network supports 
a set of ISDN basic bearer services. The forthcoming American National Standards on 
the minimal set of basic bearer services for the ISDN user-network basic interface (to be 
designated ANSI T 1.604) and the minimal set of basic bearer services for the ISDN user- 
network primary rate interface (to be designated ANSI T1.603) specify a number of these 
services, their attributes, and the protocols for information transfer and signalling. The 
services require the use of this LAPD specification at the ISDN user-network interface. 


This standard was developed for Accredited Standards Committee T1 on Telecom- 
munications by the ISDN Switching and Signalling Protocols Working Group, T1D1.2. 
The Working Group developed this specification through contributions and dedicated 
participation in the activities of the International Telegraph and Tclephone Consultative 
Committee (CCITT) Study Group XI, ISDN and Telephone Networks Switching and 
Signalling Protocols during the VIIIth CCITT Study Period, 1985/1988. 


Suggestions for improvement of this standard will be welcome. They should be sent to 
Exchange Carriers Standards Association, T1 Secretariat, 5430 Grosvenor Lane, 
Bethesda, MD 20814-2122. 


This standard was processed and approved for submittal to ANSI by Accredited 
Standards Committee T1, Telecommunications. Committee approval of the standard 
does not necessarily imply that all committee members voted for its approval. At the 
lime it approved this standard, Accredited Standards Committee T1 had the following 
members: 


Jan M. Lifchus Chair 
Ivor N. Knight, Vice-Chair 
O. J. Gusella, Jr, Secretary 
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American National Standard 
for Telecommunications — 


Integrated Services Digital Network (ISDN) — 
Data-Link Layer Signalling Specification 
for Application at the User-Network Interface 


1. Scope, Purpose, and Field of Application 


This standard contains the complete text of CCITT 
Recommendation Q.920, ISDN User-Network 
Interface Data-Link Layer - General Aspects, and 
CCITT Recommendation Q.921, ISDN User-Network 
Interface - Data-Link Layer Specification, as they will 
appear in the upcoming 1989 CCITT Blue Book.! 
This standard specifies the Link Access Procedure on 
the D-channel, LAPD. The purpose of LAPD is to 
convey information between layer-3 entities across the 
_ ISDN user-network interface using the D-channel. 
LAPD is a protocol operating at the data-link layer of 
the OSI architecture. This standard specifies the use of 
LAPD on a duplex, bit-transparent D-channel on an 
ISDN interface. The frame structure, elements of 
procedure, format of fields, and procedures for the 
proper operation of LAPD are specified. 


2. Definitions 
The following terminology is used within this 
document. 


International Telegraph and Telephone 
Consultative Committee (CCITT). The CCITT isa 
permanent organ of the International 


1 Contact the Secretariat for more recent information. 


Telecommunication Union (ITU), a specialized agency 
of the United Nations since 1948. As the oldest 
international treaty organization, the ITU traces its 
formal beginnings to 1865. The CCITT was founded 
in 1954 for the purpose of promoting and ensuring the 
operation of international telecommunication systems. 


Integrated Services Digital Network (ISDN). A 
network, in general evolving from an existing 
telephony network, that provides end-to-end digital 
connectivity to support a wide range of both voice and 
nonvoice services. User access to an ISDN is via a 
limited set of standard multipurpose interfaces. 


D-channel. A channel carrying control and signalling 
information and, optionally, packetized information 
and telemetry. 


3. Referenced Standards 


CCITT Recommendation I.320, ISDN Protocol 
Reference Model.2 


CCITT Recommendation I.412, ISDN User-Network 
Interfaces, Interface Structure, and Access 
Capabilities.2 


CCITT Recommendation I.430, Basic User-Network 
Interface Layer 1 Specification.” 


2 This CCITT Recommendation is available in the 1984 Red Book, 
which 1s available from the American National Standards Institute, 
1430 Broadway, New York, NY 10018. 
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CCITT Recommendation I.431, Primary Rate User- 
Network Interface Layer 1] Specification? 


CCITT Recommendation Q.930, ISDN User-Network 
Interface Layer 3: General Aspects.” 


CCITT Recommendation Q.931, ISDN User-Network 
Interface Layer 3 Specification. 2 


CCITT Recommendation X.200, Reference Model of 
Open Systems Interconnection for CCITT 
Applications.” 


CCITT Recommendation X.210, OSI Layer Service 
Conventions.” 


CCITT Recommendation X.25, Interface between Data 
Terminal Equipment (DTE) and Data Circuit- 
Terminating Equipment (DCE) for Terminals 
Opcrating in the Packet Mode and Connected to Public 
Data Network by Dedicated Circuit.* 


ISO 3309, High-Level Data Link Contol Procedures - 
Frame Structure. 


ISO 4335, High-Level Data Link Control Procedures - 
Consolidation of Elements of Procedure.> 


4. Abbreviations and Acronyms 


Al Action indicator 

ASP Assignment source point 

CEI Connection endpoint identifier 

CES Connection endpoint suffix 

C/R Command/response field bit 

DISC Disconnect 

DL- Communication betwecn Layer 3 
and the data link layer 

DLCI Data link connection identifier 

DM Disconnected mode 

EA Extended address field bit 

ET Exchange termination 

FCS Frame check sequence 

FRMR Frame reject 

I Information 

ID Identity 

ISDN Integrated service digital network 

L3 Layer 3 

E2 Layer 2 


3 Available from the American National Standards Insutute, 1430 
Broadway, New York, NY 10018. 


1 
LAPB 
LAPD 


SABME 


SAP 
SAPI 


TEI 


VA 


V(A) 
V(M) 
V(R) 
V(S) 
XID 


Layer 1 

Link access procedure - balanced 

Link access procedure on the D- 
channel 

Modifier function bit 

Communication between the 
management entity and the data link 
layer 

Communication between system 
management and the physical layer 

Receive sequence number 

Send sequence number 

Network termination 

Open systems interconnection 

Pool/final bit 

Communication between the data 
link layer and the physical layer 

Retransmission counter 

Receiver 

Reject 

Reference number 

Receive not ready 

Receive ready 

Supervisory 

Supervisory function bit 

Set asynchronous balanced mode 
extended 

Service access point 

Service access point identifier 

Terminal equipment 

Terminal endpoint identifier 

Transmit 

Unnumbered 

Unnmumbered acknowledgment 

Unnumbered information 

Acknowledge state variable 

Recovery state variable 

Receive state variable 

Send state variable 

Exchange identification 


5. Requirements 


The American National Standard for signalling at the 
data link layer of the ISDN user-network interface 
shall be the 1988 CCITT Recommendations Q.920, 
ISDN User-Network Interface Data-Link Layer - 
General Aspects, and Q.921, ISDN User-Network - 
Data-Link Layer Specification. 
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CCITT Recommendation Q.920' 
ISDN User-Network Interface Data Link Layer — 
General Aspects 


General 


Concepts and terminology 


Overview description of LAPD functions and procedures 


ae 
Barc 
S523 


3.4 


General 
Unacknowledged operation 
Acknowledged operation 


Establishment of information transfer modes 


Service characteristics 


4.1 


General 

Services provided to layer 3 

Services provided to iayer management 
Administrative services 

Model of the Data Link Service 


Services required from the physical layer 


Data link layer — Management structure 


ore 
Deez 


5.3 


References 


») 


This Recommendation will be included in the Series I 
Recommendations of the CCITT Blue Book (1988) under the number 1.440. 


Data link procedure 
Multiplex procedure 


Structure of the data link procedure 
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1 General 


This Recommendation describes in general terms the Link Access 
Procedure on the D-channel, LAPD . The application of this protocol to other 
channel types is for further study. Details are provided in 
Recommendation Q.921(1.441) [1]. 


The purpose of LAPD is to convey information between layer 3 entities 
across the ISDN user-network interface uSing the D-channel. 


The definition of LAPD takes into consideration the principles and 
terminology of: 


oa Recommendations X.200 [2] and X.210 [3] — the reference 
model and layer service conventions for Open Systems 


Interconnection (OSI); 


= Recommendation X.25 [4] — LAPB user-network interface 
for packet mode terminals; and 


_ ISO 3309 [5] and ISO 4335 [6] — High-level Data Link Control 
(HDLC) standards for frame structure and elements of procedures. 


LAPD is a protocol that operates at the data link layer of the OSI 
architecture. The relationship between the data link layer and other protocol 
layers is defined in Recommendation 1.320 {7]. 


Note 1—The physical layer is currently defined in 
Recommendations 1.430 [8] and 1.431 [9] and layer 3 is defined in 
Recommendations Q.930(1.450) [10], Q.931(1.451) [11], and X.25 [4]. 
References should be made to these Recommendations for the complete 
Gefinition of the procotols and procedures across the ISDN user-network 
interface. 


Note 2-—The term “data link layer" is used in the main text of 
this Recommendation. However, mainly in figures and tables, the terms "layer 2" 
and "L2" are used as abbreviations. Furthermore, in accordance with 
Recommendations Q.930(1.450) (10) and Q.931(1.451) [11], the term "layer 3" 
is used to indicate the layer above the data link layer. 


LAPD is independent of transmission bit rate. It requires a duplex, 
bit transparent D-channel. 


The characteristics of the D-channel are defined in 
Recommendation 1.412 [12]. 
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§ 2 pelow describes basic concepts used in this Recommendation 
and Recommendation Q.92e1. 


§ 3 gives an overview description of LAPD functions and 
procedures. 


§ 4 summarizes the services that the data link layer provides to 
layer 3 and the services that the data link layer requires from the physical 
layer. 


8 5 provides an overview of the data link layer structure. 
2 Concepts and terminology 


The basic structuring technique in the OSI reference model 
is layering. According to this technique, communication among 
application processes is viewed as being logically partitioned into an ordered 
set of layers represented in a vertical sequence as shown in 
Figure 1/Q.920. 













System 
Management 


Highest layer 







z LM (N+1) layer 


am as a=] «em aw oe 


LM (N) layer 


LM 






(N-1) layer 


LM | Lowest layer 


LM Layer management (see Figure 10/Q.920) T1104590-86 


FIGURE 1/Q.920 


Layering 
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A data link layer Service Access Point (SAP) is the point at 
which the data link layer provides services to layer 3. Associated with each 
data link layer SAP is one or more data link connection endpoint(s). See 
Figure 2/Q.920. A data link connection endpoint is identified by a data link 
connection endpoint identifier as seen from layer 3 and by a Data Link 
Connection Identifier (DLCI) as seen from the data link layer. 


Entities exist in each layer. Entities in the same layer, but in 
different systems which must exchange information to achieve a common objective 
are called "peer entities". Entities in adjacent layers interact 
through their common boundary. The services provided by the data link 
layer are the combination of the services and functions provided by both 
the data link layer and the physical layer. 


Layer 3 





Data link layer service 
access point 


a 






Data link connection 
endpoint 





Data link 
jayer 






Data link layer 
entity 





T1104600-86 


FIGURE 2/9.920 


Entities, service access points and endsoinits 
ranean nae sen ee essing —sgenenshenapenettaseunatd 


14 


AMERICAN NATIONAL STANDARD T1.602-1989 


Cooperation between data link layer entities is governed 
by a peer-to-peer protocol specific to the layer. In order for information to 
be exchanged between two or more layer 3 entities, an association must be 
established between the layer 3 entities in the data link layer using a data 
link layer protocol. This association is called a data link connection. 
Data link connections are provided by the data link layer between two or more 
SAPs (see Figure 3/Q.920). 


Layer 3 Layer 3 
entity entity 


Data link layer 


service access 
/ point 


Data link 
connection 
endpoint 


Data link connection 


T1104610-86 


FIGURE 3/9.920 
Peer-to-veer relationshin 


Data link layer message units are conveyed between data 
link layer entities by means of a physical connection. 


Layer 3 requests services from the data link layer via service 
primitives. The same applies for the interaction between the data link 
layer and the physical layer. The primitives represent, in an abstract way, the 
logical exchange of information and control between the data link layer and 
adjacent layers. They do not specify or constrain implementation. 

The primitives that are exchanged between the data link layer and 
adjacent layers are of the following four types (see also 
Figure 4/Q.920): 

a) REQUEST: 

b) INDICATION; 

c) RESPONSE; and 

d) CONFIRM. 
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Layer 3 





CONFIRM <+— REQUEST INDICATION ¢— RESPONSE 


Data link layer 


Data link layer T1104620-86 
| peer-to-peer 


protocol 


Note - The same principle applies for data link layer-physical interactions. 


FIGURE 4/Q.920 


Primitive action sequence 


The REQUEST primitive type is used when a higher layer is 
requesting a service from the next lower layer. 


The INDICATION primitive type is used by a layer providing a service 
to notify the next higher layer of any specific activity which is service 
related. The INDICATION primitive may be the result of an activity of the lower 
layer related to the primitive type REQUEST at the peer entity. 


The RESPONSE primitive type is used by a layer to acknowledge receipt, 
from a lower layer, of the primitive type INDICATION. 


The CONFIRM primitive type is used by the layer providing the 
requested service to confirm that the activity has been completed. 


Layer-to-layer interactions are specified in 
Recommendation Q.921. 
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Information is transferred, in various types of message units, 
between peer entities and between entities in adjacent layers that are attached 


to a specific SAP. The message units are of two types: 
a message units of a peer-to-peer protocol; and 


mesSage units that contain layer-to-layer information 
concerning status and specialized service requests. 


The message units of the layer 3 peer-to-peer protocol are carried 
by the data link connection. The message units containing layer-to-layer 
information concerning status and specialized service requests are never 
conveyed over a data link connection or a physical connection. 


This Recommendation specifies (see also Figure 5/Q.920): 


the peer-to-peer protocol for the transfer of information 


a) 
and control between any pair of data link layer service 
access points; and 

b) the interactions between the data link layer and layer 3, 


and between the data link layer and the physical layer. 
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entity entity 
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Data link layer/ ! 
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; ~~ Data link layer 
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Physical 
layer 
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FIGURE 3/0.922 


Data link layer reterence moce}l 17 


AMERICAN NATIONAL STANDARD T1.602-1989 


3 Overview description of LAPD functions and procedures 
ae General 


Tne purpose of LAPD is to convey information between layer 3 
entities across the ISDN user-network interface using the D-channel. 
Specifically LAPD will support: 


aa multiple terminal installations at the user-network 
interface; 


= multiple layer 3 entities. 


All data link layer messages are transmitted in frames which are 
delimited by flags. (A flag is a unique bit pattern.) The frame structure is 
defined in Recommendation Q.921. 


LAPD includes functions for: 


a) the provision of one or more data link connections on a 
D-channel. Discrimination between the data link connections is 
by means of a data link connection identifier (DLC1) contained 


in each frame; 


b) frame delimiting, alignment and transparency, allowing 
recognition of a sequence of bits transmitted over a D-channel 


as a frame; 


Cc) sequence control, to maintain the sequential order of frames 
across a data link connection; 


d) detection of transmission, format and operational errors on 
a data link connection; 


e) recovery from detected transmission, format, and operational 
errors; 
f ) notification to the management entity .of unrecoverable 


errors; and 
g) flow control. 


Data link layer functions provide the means for information 
transfer between multiple combinations of data link connection endpoints. The 
information transfer may be via point-to-point data link connections or via 
broadcast data link connections. In the case of point-to-point information 
transfer, a frame is directed to a Single endpoint, while in the case of 
broadcast information transfer, a frame is directed to one or more endpoints. 


Figure 6/Q.920 shows three examples of point-to-point information 
transfer. Figure 7/Q.920 shows an example of broadcast information 
transfer. 


Two types of operation of the data link layer are defined for 
layer 3 information transfer: unacknowledged and acknowledged. They may 
coexist on a single D-channel. 
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User side Network side 
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FIGURE 6/Q.920 


Point-to-point data link connections 
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B: Broadcast 


FIGURE 770.920 


Broadcast data link connection 


ae Unacknowledged operation 


With this type of operation layer 3 information is transmitted in 
Unnumbered Information (UI) frames. 


At the data link layer the Ul frames are not acknowledged. Even if 
transmission and format errors are detected, no error- recovery mechanism 
is defined. Flow control mechanisms are not defined. 


Unacknowledged operation is applicable for point-to-point and 
broadcast information transfer; that is, a Ul frame may be sent to a specific 
endpoint or broadcast to multiple endpoints associated with a specific 

Service Access Point Identifier (SAPI) 


a5 Acknowledged operation 


With this type of operation, layer 3 information is transmitted in 
frames that are acknowledged at the data link layer. 


Error recovery procedures based on retransmission of unacknowledged 
frames are specified. In the case of errors which cannot be corrected by the 
data link layer, a report to the management entity is made. Flow control 
procedures are also defined. 
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Acknowledged operation is applicable for point-to-point information 
transfer. 


One form of acknowledged information transfer is defined, 
multiple frame operation. 


Layer 3 information is sent in numbered Information (1) frames. A 
number of I frames may be outstanding at the same time. Multiple frame 
operation is initiated by a multiple frame establishment procedure using a 

Set Asynchronous Balanced Mode Extended (SABME) command. 


3.4 Establishment of information transfer modes 
Ce oe Data link connection identification 


A data link connection is identified by a Data Link Connection 
Identifier (DLC1) carried in the address field of each frame. 


The data link connection identifier is associated with a connection 
endpoint identifier at the two ends of the data link connection (see 
Figure 8/Q.920). 


The connection endpoint identifier is used to identify message units 
passed between the data link layer and layer 3. It consists of the SAPI 
and the Connection Endpoint Suffix (CES) 


The DLCI consists of two elements: the SAPI and the Terminal 
Endpoint Identifier (TEI) 


The SAPI is used to identify the service access point on the network 
Side or the user side of the user-network interface. 


The TEI is used to identify a specific connection endpoint within a 
service access point. 


The TEI is assigned by the network, if the user equipment is of the 
automatic TEL assignment category or it is entered into the user equipment, for 
example, by the user or the manufacturer, if the user equipment is of the 
nonautomatic TEI assignment category (see 8 3.4.3). 


The DLCI is a pure data link layer concept. It is used internally 
by the data link layer entity and is not known by the layer 3 entity or 
Management entity. In these latter entities, the concept of Connection 
Endpoint Identifier (CEI) will be used instead. 


The CEI] is composed of the SAPI information and a reference value 
named CES. The CES is a value selected by the layer 3 or management entity to 
address the data link layer entity. When the relevant TEI is known by this 
entity, it will internally associate the DLCI to the CEI. The layer 3 and 
Management entities will use this CEI to address its peer entity. 
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Note 1 — The management entity is not shown in this figure. 


Note 2 — The selection of the SAPI and TEI values is based on Recommendation Q.921, § § 3.3.3 and 3.3.4.2 
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3.4.2 Data link states 


A point-to-point data link entity may be in one of three basic 
states: 


a) TEI-unassigned state. In this state a TEI has not been 
assigned. No layer 3 information transfer is possible; or 


b) TEl-assigned state. In this state a TE] has been 
assigned by means of the TEI assignment procedure. Unacknowledged 


information transfer is possible; or 


c) multi-frame-established state. This state is established 
by means of a multiple frame establishment procedure. 
Acknowledged and unacknowledged information transfer are 
possible. 


Note—For the detailed description of procedures in 
Recommendation Q.921, an expansion of the basic set of states listed above is 


required. 





A broadcast data link entity is always in an information transfer 
state capable of only unacknowledged information transfer (that is, 
TEI-assigned state). 


3.4.3 TEI administration 


The purpose of the TEI assignment procedure is to allow a user 
equipment to obtain a TEI value that the data link layer entities within the 
user equipment will use in subsequent communications over the data link 
connections. 


The assigned TEI value is typically common to all SAPs (if more than 
one) in a user equipment. The procedure is conceptually located in the 
Management entity. 


When a TEI has been assigned, the user equipment establishes an 
association between the TEI and a CES in each SAP (that is, the DLCI is 
associated with a CEI). In the network, the corresponding association is made 
upon reception of the first frame containing the assigned TEI, or at the time 
of TEI assignment. 


At that point in time, a data link layer peer-to-peer association has 
been formed. 


The association between the DLCI and CEI will be removed by the TEI 
removal procedures on request from the management entity when recognizing that 
the TEI value is no longer valid. 


When in the TEI-assigned state or the multiple-frame-established 
State, the TE] check procedure may be used by the network to check the status 
of a TEI (for example, to determine if a user equipment has been disconnected 
from an installation). Optionally, the user equipment may request the network 
to initiate the TEI check procedure. 
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Examples of criteria for initiation of the TEI assignment procedure, 
the TEI check procedure, and the TEI removal procedures are described in 
Recommendation Q.921. 


Note-— This section is not intended to provide a complete 
specification of possible criteria for establishing and removing an association 
between the DLCI and CEl. 


3.4.4 Establishment of multiple frame operation 


Before point-to-point acknowledged information transfer can start, 
an exchange of a SABME frame and an Unnumbered Acknowledgement (UA) frame 
must take place. 





The multiple frame eStablisnment procedure is specified in detail in 
Recommendation Q.921. 


4 Service characteristics 
a General 


The data link layer provides services to layer 3 and to the layer 2 
management entity and utilizes the services provided by the physical layer and 
layer management. A formal description of the data link layer service provided 
to layer 3 and layer management is given in 8 4.2 and 8 4.3, respectively. The 
layer management service provided to the data link layer is given in 8 4.4. 


Note— Communication between different layers in the OSI reference 
model makes uSe of primitives which are passed across the layer boundaries. 
The data link layer primitives defined in this Recommendation represent, in an 
abstract way, the logical exchange of information and control between the data 
link layer and adjacent layers. They do not specify nor constrain 
implementations. 


4.2 services provided to layer 3 


The specification of the interactions with layer 3, (primitives) 
provides a description of the services that the data link layer, plus the 
physical layer, offer to layer 3, as viewed from layer 3. 


Two forms of information transfer service are associated with 
layer 3. The first is based on unacknowledged information transfer at the data 
link layer while the second service is based on acknowledged information 
transfer at the data link layer. 


Layer 3 message units are handled according to their respective 
layer 2 priority (see 8 5.2). 
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4.2.) Unacknowledged information transfer service 


Note—In this case the information transfer is not acknowledged 
at the data link layer. Acknowledgement procedures may be provided at higher 
layers. 





The information transfer is via broadcast or point-to-point data 
link connections. 


The characteristics of the unacknowledged information transfer service 
are summarized in the following: 


a) provision of a data link connection between layer 3 entities 
for unacknowledged information transfer of layer 3 message units; 


b) identification of data link connection endpoints; and 


Cc) no verification of message arrival within the peer data link 
layer entity. 


The primitives associated with the unacknowledged information 
transfer service are: 


DL-UNIT DATA-REQUEST/ INDICATION 
The DL-UNIT DATA-REQUEST primitive is used to request that a 
message unit be sent using the procedures for unacknowledged information 
transfer service. The DL-UNIT DATA-INDICATION primitive indicates the arrival 


of a message unit received by means of an unacknowledged information transfer 
service. 


4.2.2 Acknowledged information transfer service 
One mode of operation is defined, multiple frame. 


The characteristics of the acknowledged information transfer service 
are Summarized in the following: 


a) provision of a data link connection between layer 3 entities 
for acknowledged information transfer of layer 3 message units; 


b) identification of data link connection endpoints; 


CG) Sequence integrity of data link layer message units in the 
absence of malfunctions; 


d) notification to the peer entity in the case of errors, 
for example, loss of sequence; 


e) notification to the management entity of unrecoverable 
errors detected by the data link layer; and 


f) flow control. 
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The primitives associated with the acknowledged information 
transfer services are: 


i) Data transfer 
DL-DATA-REQUEST/INDICATION 
The DL-DATA-REQUEST primitive is used to request that a 
message unit be sent using the procedures for the acknowledged 
information transfer service. The DL-DATA-INDICATION primitive 


indicates the arrival of a message unit received by means of 
the acknowledged information transfer service. 


ii) Establishment of multiple frame operation 
DL-ESTABLISH-REQUEST/INDICATION/CONFIRM 
These primitives are used, respectively, to request, 
indicate and confirm the establishment of multiple frame 
operation between two service access points. 
iii) Termination of multiple frame operation 
DL-RELEASE-REQUEST/ INDICATION/CONFIRM 
These primitives are used, respectively, to request, 
indicate and confirm an attempt to terminate multiple frame 
operation between two service access points. 
4.3 Services provided to layer management 
Only the unacknowledged information transfer service is provided to 
layer management in order that the data link layer management can communicate 
with its peer layer management. 
Note-—In this case the information transfer is not acknowledged at 


the data link layer. Acknowledgement procedures may be provided by layer 
management. 7 





The information transfer is via broadcast connections, but in 
principle information transfer can also be via point-to-point connections 
(no application for data transfer via point-to-point connections has been 
identified or included in Recommendation Q.921). 


The characteristics of the unacknowledged information transfer service 
are summarized in the following: 


a) provision of a data link connection between layer management 
entities for unacknowledged information transfer of data units; 


bd) identification of data link connection endpoints; and 
Cc) no verification of message arrival within the peer data link layer 
entity. 
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The primitives associated with the unacknowledged information 
transfer service provided for layer management are: 


MDL-UNIT DATA-REQUEST/ INDICATION 


The MDL-UNIT DATA-REQUEST primitive is used to request that a 
message unit be sent uSing the procedure for unacknowledged 
information transfer service for layer management. The 

MDL-UNIT DATA-INDICATION primitive indicates the arrival of a 
message unit received by means of the unacknowledged information 
transfer service to layer management. 


yy Administrative services 


The characteristics of the administrative services currently 
recognized are summarized in the following: 


a) 


b) 


These services are considered to be conceptually provided 
by layer management either on the user side or the network side. The method 
of describing these administrative functions uses service primitives. 


The primitives associated with these services are: 


i) 


Li) 


iii) 


assignment, checking, and removal of TEI] values; and 


data link connection parameter passing (an optional 
service performed on a per connection basis). 


Assignment of TEI value he 
MDL-ASSIGN-REQUEST/INDICATION i 
The MDL-ASSIGN-INDICATION primitive is used to B 
indicate to layer management the need for a TEI value. The ‘ 
MDL-~ASSIGN-REQUEST primitive is used to pass the TEI value 

from layer management to the data link layer in order that the 


user data link layer entities can begin to communicate with 
the network data link layer entities. 


Removal of TEI value 

MDL-~REMOVE-REQUEST 

This primitive is used to convey a layer management function 
request for removal of a TEI value that has been previously 
asSigned via the MDL-ASSIGN primitives. 

Notification of error 


MDL-~ERROR-INDICATION/ RESPONSE 


These primitives are used to report error situations between = 
layer management and the data link layer entities. 
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45 Model of the data link service 
4.5.1 General 


The ability of the data link layer to execute a service request by 
layer 3 depends on the internal state of the data link layer. For the layer 3 
entity, the internal state of the data link layer is represented by the state 
of that data link connection endpoint within a data link service access point 
which is used by this layer 3 entity to invoke a service. 


Consequently, the data link service may be defined by means of data 
link connection endpoint states, whereby the capabilities provided by the 
data link layer and the service primitives may be related to these states. 


In order to allow a data link service user to invoke a service by 
making use of primitives, the DL~primitives defined in Recommendation Q.921 
have to be related to: point-to-point data link connections (acknowledged or 
unacknowledged transfer of information) and/or broadcast data link connections 
(unacknowledged transfer of information) (see Table 1/Q.920). 


An unconfirmed service is defined aS a service which does not 
result in an explicit confirmation. A confirmed service is defined as a service 


which results in an explicit confirmation from the service-provider. There is 
not necessarily any relationship to a response from the peer service-user. 


TABLE 1/Q.920 


Applicability of DL-Primitives to information transfer modes 
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4.5.2 Data link layer representation as seen by layer 3 
4.5.2.1 Data link connection endpoint states 


The states of a data link connection endpoint may be derived from 
the internal states of the data link layer entity Supporting this type of a 
data link connection. 


4.5.2.2 Broadcast data link layer connection services 


A broadeast data link connection provides an unacknowledged 
information transfer service. 


The broadcast data link connection endpoint is always in 
the information transfer state. 


4.5.2.3 Point-to-point data link connection endpoint services 
A point-to-point data link connection provides both an 
unacknowledged and acknowledged information transfer service. Within each data 


link service access point, one or more than one data link connection endpoint 
may be present, each identified by a CES. 


The acknowledged information transfer service, in addition, implies 
the presence of the link establishment, link re-establishment and link 
release services. 


The point-to-point data link connection endpoint states are: 
on link connection released state; 

= awaiting establish state; 

sae awaiting release state; 


= link connection established state. 


4.5.2.4 Sequences of primitives at one point-to-point data link 


connection endpoint 


The primitives provide the procedural means to specify conceptually 
how a data link service user can invoke a service. 


This section defines the constraints on the sequence in which the 
primitives may occur. The sequences are related to the states at one 
point-to-point data link connection endpoint. 


The possible overall sequences of primitives at a point-to-point data 
link connection endpoint are defined in the state transition diagram, 
Figure 9/Q.920. The link connection released and link connection 
eStablished states are stable states whilst the aWaiting establish and 
awaiting release are transition states. 
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State transition diagram for sequences of primitives at a point-to-point 
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4.6 Services required from the physical layer 


The services provided by the physical layer are described in detail 
in Recommendation 1.430 [8] or 1.431 [9]. They are summarized in the 


following: 

a) physical layer connection for the transparent transmission 
of bits in the same order in which they are Submitted to the 
physical layer; 

b) indication of the physical status of the D-channel; and 

Cc) transmission of data link layer message units according to 


their respective data link layer priority. 
Some of the above services may be implemented in the management 


entity on the user side or network side. The method of describing these 
services is by means of service primitives. The primitives between the data 


link layer and the physical layer are: 
i) PH-DATA-REQUEST/ INDICATION 


These primitives are used to request that a message unit be 
sent and to indicate the arrival of a message unit. 


ii) Activation 
PH-ACTIVATE-REQUEST/ INDICATION 
These primitives are used to request activation of the 
physical layer connection, and to indicate that the physical 
layer connection has been activated. 

iii) Deactivation 
PH-DEACTIVATE-REQUEST/ INDICATION 


This primitive is used to indicate that the physical layer 
connection has been deactivated. 


5 Data link layer — management structure 

The data link layer — management structure is shown in 
Figure 10/Q.920. This figure is a model shown for illustrative purposes only, 
and does not constrain implementations. 

The layer management entity (LME) provides for the 
management of resources that have a layer-wide impact. Access to the LME is 
provided by means of a specific SAPI. Functions provided by the LME are: 

= TEI assignment 


= TEI check 


~ TEI removal \ 
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The connection management entity (CME) provides for the 
management of resources that have an impact on individual connections. 
Selection of the CME is based on a specific data link layer frame type not used 
in the acknowledged or unacknowledged information transfer services. Functions 
provided by the CME are: 

= parameter initialization (optional); 


= error processing; 


= connection flow control invocation. 
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5.1 Data link procedure 


Tnis procedure analyzes the control field of the received frame 
(see Recommendation Q.921) and provides appropriate peer-to-peer 
responses and layer-to-layer indications. In addition, it analyzes the data 
link layer service primitives and transmits the appropriate peer-to-peer 
commands and responses. 


De Multiplex procedure 


This procedure analyzes the flag, Frame Check Sequence (FCS) , and 
address octets of a received frame. If the frame is correct, it distributes the 
frame to the appropriate data link procedures block based on the DLCI 
(see Recommendation Q.921). 


On frame transmission, this procedure may provide data link layer 
contention resolution between the various data link procedure blocks. The 
contention resolution is based on the SAPI value, giving priority to SAPI = 0 
information. 


Dia _ Structure of the data link procedure 
The functional model of the data link procedure is shown in 


Figure 11/Q.920. The model consists of several functional blocks for 
point-to-point and broadcast connections. 
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Data link procedure structure 
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1 General 


This Recommendation specifies the frame structure, elements of 
procedure, format of fields and procedures for the proper operation of the Link 
Access Procedure on the D-channel, LAPD. 


The concepts, terminology, overview description of LAPD functions and 
procedures, and the relationship with other Recommendations are described in 
general terms in Recommendation Q.920(1.440) [1]. 


Note 1—As stated in Recommendation Q.920(1.440), the term "data 
link layer" is used in the main text of this Recommendation. However, mainly in 
figures and tables, the terms "layer 2" and "U2" are used as abbreviations. 
Furthermore, in accordance with Recommendations Q.930(1.450) [2] 
and Q.931(1.451) [3], the term “layer 3" is used to indicate the layer above 
the data link layer. 


Note 2—All references within this document to "layer management 
entity" and/or "connection management entity" refer to those entities at the 
data link layer. 


2 ' Frame structure for peer-to-peer communication 


cl General 


All data link layer peer-to-peer exchanges are in frames conforming 
to one of the formats shown in Figure 1/Q.921. Two format types are shown in 
the figure: format A for frames where there is no information field and 
format B for frames containing an information field. 


ere Flag sequence 


All frames shall start and end with the flag sequence consisting of 
one 0 bit followed by six contiguous 1 bits and one O bit. The flag preceding 
the address field is defined as the opening flag. The flag following the Frame 
Check Sequence (FCS) field is defined as the closing flag. The closing flag may 
also serve as the opening flag of the next frame, in some applications. 
However, all receivers must be able to accommodate receipt of one or more 
consecutive flags. See ISDN User-Network Interfaces: Layer 1 Recommendations 
(1.43x series) [4], [5] for applicability. 


2.3 Address field 


The address field shall consist of two octets as illustrated in 
Figure 1/Q.921. The address field identifies the intended receiver of a 
command frame and the transmitter of a response frame. The format of the 
address field is defined in 8 3.2. 


A single octet address field is reserved for LAPB operation in order 
to allow a single LAPB [6] data link connection to be multiplexed along with 
LAPD data link connections. 
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Format A Format B 





Octet 1 Octet 1 
perme Address 
2 : 2 
(high order octet) (high order octet) 
Address 
(low order octet) 3 (low order octet) 3 
Control) 
Control #) 4 
Control) 
4 7 
Information 6 
I 
N-2 FCS (first octet) N-2 
N-1 N - 1 
N N 





a) Unacknowledged operation — one octet 


Multiple frame operation — two octets for frames with sequence numbers; 
— one octet for frames without sequence numbers 


FIGURE 1/Q.921 


Frame formats 
2.4 Control field 


The control field shall consist of one or two octets. 
Figure 1/Q.921 illustrates the two frame formats (A and B), each with a control 
field of one or two octets, depending upon the type of frame. 


The format of the control field is defined in § 3.4. 
245 Information field 


The information field of a frame, when present, follows the control 
field (see 8 2.4 above) and precedes the frame check sequence (See 8 2.7 
below). The contents of the information field shall consist of an integer 
number of octets. 


The maximum number of octets in the information field is defined in 
& 5 Ow 3% 
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2.6 Transparency 


A transmitting data link layer entity shall examine the frame 
content between the opening and closing flag sequences, (address, control, 
information and FCS fields) and shall insert a 0 bit after all sequences of 
five contiguous 1 bits (including the last five bits of the FCS) to ensure 
that a flag or an abort sequence is not Simulated within the frame. A receiving 
data link layer entity shall examine the frame contents between the opening and 
closing flag sequences and shall discard any O bit which directly follows 
five contiguous 1 bits. 


Cams| Frame check sequence (FCS) field 


The FCS field shall be a 16-bit sequence. It shall be the ones 
complement of the sum (modulo 2) of: 


a) the remainder of xk 
(toe ae ae ea 
a ce eee ie cae I 
+ x7 + rae + x> + an se a 
+ na oe 1) divided (modulo 2) by the generator 
polynomial a ee oe ce + 1, 
where k is the number of bits in the frame existing between, but 
not including, the final bit of the opening flag and the first 
bit of the FCS, excluding bits inserted for transparency, and 


bd) the remainder of the division (modulo 2) by the generator 
polymomia: SF te ae A ee “OE “ile 
product of rag by the content of the frame existing between, but 
not including, the final bit of the opening flag and the 
first bit of the FCS, excluding bits inserted for transparency. 


As a typical implementation at the transmitter, the initial 
content of the register of the device computing the remainder of the division 
is preset to all 1s and is then modified by division by the generator 
polynomial (as described above) on the address, control and information fields; 
the ones complement of the resulting remainder is transmitted as the 
16=bit. FCS; 


As a typical implementation at the receiver, the initial content of 
the register of the device computing the remainder is preset to all 1s. The 
final remainder, after multiplication by x’*® and then division 
(modulo 2) by the generator polynomial me 
+ x'? + x° + 1 of the serial incoming protected 
bits and. the FCS, will be 0001110100001111 (x’® 
through x° , respectively) in the absence of transmission 
errors. 
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2.8 Format convention 
2.8.1 Numbering convention 


The basic convention used in this Recommendation is illustrated in 
Figure 2/Q.921. The bits are grouped into octets. The bits of an octet are 
shown horizontally and are numbered from 1 to 8. Multiple octets are shown 
vertically and are numbered from 1 ton. 


Octet 1 


FIGURE 2/Q.921 


Format convention 


CxOve Order of bit transmission 


The octets are transmitted in ascending numerical order; inside an 
octet bit 1 is the first bit to be transmitted. 


22563 Field mapping convention 


When a field is contained within a single octet, the lowest bit 
number of the field represents the lowest order value. 


Wnen a field spans more chan one octet, the order of bit values 
Within each octet progressively decreases as the octet number increases. The 
lowest bit number associated with the field represents the lowest order 
value. 


For example, a bit number can be identified as a couple (0, b) 
where o is the octet number and b is the relative bit number within the 
octet. Figure 3/Q.921 illustrates a field that spans from bit (1, 3) to 
bit (2, 7). The high order bit of the field is mapped on bit (1, 3) and the 
low order bit is mapped on bit (2, 7). 
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Ist octet of the field 


2nd octet of the field 





FIGURE 37Q.921 


Field mapping convertion 


cameo 


An exception to the preceding field mapping convention is the data 


link layer FCS field, which spans two octets. In this 
case, bit 1 of the first octet is the high order bit and bit 8 of the second 


octet is the low order bit (Figure 4/Q.921). 


Ist octet of the field 


2nd octet of the field 





FIGURE 470.921 


FCS mapping conventian 


2e9 Invalid frames 
An invalid frame is a frame which: 
a) is not properly bounded by two flags, or 
b) has fewer than six octets between flags of frames that 
contain sequence numbers and fewer than five octets between 


flags of frames that do not contain sequence numbers, or 


Cc) does not consist of an integral number of octets prior to 
zero bit insertion or following zero bit extraction, or 


d) contains a frame check sequence error, or 
e) contains a single octet address field. 


Invalid frames shall be discarded without notification to the 
sender. No action is taken as the result of that frame. 
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2.10 Frame abort 


Receipt of seven or more contiguous 1 bits shall be interpreted 
as an abort and the data link layer shall ignore the frame currently 
being received. 


3 Elements of procedures and formats of fields for data link layer 
peer-to-peer communication 


3.7 General 


The elements of procedures define the commands and responses that 
are used on the data link connections carried on the D-channel. 


Procedures are derived from these elements of procedures and are 
described in 8 5. 


Sc Address field format 
The address field format shown in Figure 5/Q.921 contains the 
address field extension bits, a command/response indication bit, a data 


link layer Service Access Point Identifier (SAPI1) subfield, and a Terminal 
Endpoint Identifier (TEI) subfield. 


Octet 2 





EA = Address field extension bit 


C/R == Command/response field bit 
SAPI = = Service access point identifier 


TEI = Terminal endpoint identifier 


FIGURE 5’Q.921 


Address field format 
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3.3 Address field variables 
3.3.1 Address field extension bit (EA) 


The address field range is extended by reserving the first 
transmitted bit of the address field octets to indicate the final octet of the 
address field. The presence of a1 in the first bit of an address field octet 
signals that it is the final octet of the address field. The double octet 
address field for LAPD operation shall have bit 1 of the first octet set to a 
QO and bit 1 of the second octet set to 1. 


Sac Command/response field bit (C/R) 


The C/R bit identifies a frame as either a command or a response. 
The user side shall send commands with the C/R bit set to 0, and responses 
with the C/R bit set to 1. The network side shall do the opposite; that is 
commands are sent with C/R set to 1, and responses are sent with C/R set 
to 0. The combinations for the network side and user side are shown in 
Table 1/Q.921. 

In conformance with HDLC rules, commands use the address of the peer 
data link layer entity while responses use the address of their own data link 
layer entity. According to these rules, both peer entities on a 
point-to-point data link connection use the same Data Link Connection 
Identifier (DLCI) composed of a SAPI-TEI where SAPI and TEI conform to the 
definitions contained in 88 3.3.3 and 3.3.4 and define the data link connection 
as described in Recommendation Q.920, 8 3.4.1. 


TABLE 1/Q.921 


C/R field bit usage 


network side —» user side 

Command 
user side —» network side po 
network side —» user side 4 

Response 
user side —» network side 
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3.3.3 Service access point identifier (SAPL) 


The SAPI identifies a point at which data link layer services are 
provided by a data link layer entity to a layer 3 or management entity. 
Consequently, the SAPI specifies a data link layer entity that should process a 
data link layer frame and also a layer 3 or management entity which is to 
receive information carried by the data link layer frame. The SAP1 allows 
64 service access points to be specified, where bit 3 of the address field 
octet containing the SAPI is the least significant binary digit and bit 8 is 
the most significant. The SAPI values are allocated as shown in 
Table 2/Q.921. 


TABLE 2/Q.921 


Related layer 3 or management entity 
Call control procedures 


Reserved for packet mode communications using Q.931 call control procedures 
16 Packet communication conforming to X.25 Level 3 procedures 
63 Layer 2 Management procedures 
All Others | Reserved for future standardization 





Note — The reservation of SAPI values for experimental purposes is for further study. 


3.3.4 Terminal endpoint identifier (TEI) 


The TEI for a point-to-point data link connection may be associated 
with a single Terminal Equipment (TE). A TE may contain one or more TEIs used 
for point-to-point data transfer. The TEI for a broadcast data link connection 
is associated with all user side data link layer entities containing the same 
SAPI. Tne TEI subfield allows 128 values where bit 2 of the address field octet 
containing the TEI is the least significant binary digit and bit 8 is the most 
Significant binary digit. The following conventions shall apply in the 
asSignment of these values. 


3.3.4.1 TEI for broadcast data link connection 
The TEI subfield bit pattern 111 1111 (= 127) is defined as the 


group TEL. The group TEI is assigned to the broadcast data link connection 
associated with the addressed Service Access Point (SAP). 
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3.3.4.2 TEI for point-to-point data link connection 


The remaining TEI values are used for the point-to-point data link 
connections associated with the addressed SAP. The range of TEI values shall be 
allocated as shown in Table 3/Q.921. 


Non-automatic TEI values are selected by the user, and their 
allocation is the responsibility of the user. 


Automatic TEI values are selected by the network, and their allocation 
is the responsibility of the network. 


For further information regarding point-to-point situations, see 





Annex A. 
TABLE 3/Q.921 
TEI 
Value User Type 
0-63 Non-automatic TEI assignment user equipment 
64-196 | Automatic TEI assignment user equipment 
3.4 Control field formats 


The control field identifies the type of frame, which will be 
either a command or response. The control field will contain Sequence numbers, 
where applicable. 


Three types of control field formats are specified: numbered 
information transfer (I format), supervisory functions (S format), and 
unnumbered information transfers and control functions (U format). The control 
field formats are shown in Table 4/Q.921. 
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TABLE 4/Q.921 


Control field formats 


Control field bits 
(modulo 128) 8 7 6 5 4 3 2 1 










N(S Octet 4 
pe 
x xX Octet 4 
S format px x x x {s Ss] 0 
N(R) la : 
N(S) Transmitter send sequence number M Modifier function bit 


N(R) Transmitter receive sequence number P/F Poll bit when issued as a command, 
final bit when issued as a response 


S Supervisory function bit Xx Reserved and set to 0 


co a Information transfer (1) format 


The I format shall be used to perform an information transfer 
between layer 3 entities. The functions of N(S), N(R) and P (defined in 8 3.5) 
are independent; that is, each I frame has an N(S) sequence number, an N(R) 
sequence number which may or may not acknowledge additional I frames received 
by the data link layer entity, and a P bit that may be set to 0 or 1. 


The use of N(S), N(R), and P is defined in 8 5. 
3.4.2 Supervisory (S) format 


The S format shall be used to perform data link supervisory control 
functions such as: acknowledge I frames, request retransmission of I frames, 
and request a temporary suspension of transmission of I frames. The functions 
of N(R) and P/F are independent, that is, each Supervisory frame has an N(R) 
sequence number which may or may not acknowledge additional I frames received 
by the data link layer entity, and a P/F bit that may be set to 0 
or 1. 


3.4.3 Unnumbered (U) format 

The U format shall be used to provide additional data link control 
functions and unnumbered information transfers for unacknowledged information 
transfer. This format does not contain sequence numbers. It does include a P/F 


bit that may be set to 0 or 1. 
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Bee. Control field parameters and associated state variables 


The various parameters associated with the control field formats 
are described in this section. The coding of the bits within these parameters 
is such that the lowest numbered bit within the parameter field is the least 
Significant bit. 


34 el Poll/Final (P/F) bit 


All frames contain the Poll/Final (P/F) bit. The P/F 
bit serves a function in both command frames and response frames. In command 
frames the P/F bit is referred to as the P bit. In response frames it is 
referred to as the F bit. The P bit set to 1 is used by a data link layer 
entity to solicit (poll) a response frame from the peer data link layer entity. 
The F bit set to 1 is used by a data link layer entity to indicate the 
response frame transmitted as a reSult of a soliciting (poll) command. 


The use of the P/F bit is described in 8 5. 


Seoee Multiple frame operation — variables and sequence numbers 


3:5.2%% Modulus 


Each 1 frame is sequentially numbered and may have the value 0 
through n minus 1 (where n is the modulus of the sequence numbers). The 
modulus equals 128 and the sequence numbers cycle through the entire range, 
O through 127. 


3.5.2.2 Send state variable V(S) 


Each point-to-point data link connection endpoint shall have an 
associated V(S) when using I frame commands. V(S) denotes the sequence number 
of the next I frame to be transmitted. The V(S) can take on the value O through 
n minus 1. The value of V(S) shall be incremented by 1 with each successive 
i frame transmission, and shall not exceed V(A) by more than the maximum number 
of outstanding I frames k. The value of k may be in the range of 
1 ee Ke te es 


3.5.2.3 Acknowledge state variable V(A) 


Each point-to-point data link connection endpoint shall have an 
associated V(A) when using I frame commands and supervisory frame 
commands/responses. V(A) identifies the last frame that has been 
acknowledged by its peer [V(A) — 1 equals the N(S) of the last acknowledged 
I frame]. V(A) can take on the value 0 through n minus 1. The value of V(A) 
Shall be updated by the valid N(R) values received from its peer 
(see 8 3.5.2.6). A valid N(R) value is one that is in the range 
V(A) $ N(R) S V(S). 


3.5.2.4 Send sequence number N(S) 
Only 1 frames contain N(S), the send sequence number of transmitted 


I frames. At the time that an in-sequence I frame is designated for 
transmission, the value of N(S) is set equal to vV(S). 
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3.5.2.5 Receive state variable V(R) 


Each point-to-point data link connection endpoint shall have an 
associated V(R) when using I frame commands and supervisory frame 
commands/responses. V(R) denotes the sequence number of the next in-sequence 
I frame expected to be received. V(R) can take on the value 0 through n 
minus 1. The value of V(R) shall be incremented by one with the receipt of an 
error-free, in-sequence I frame whose N(S) equals V(R). 


3.5.2.6 Receive sequence number N(R) 


All I frames and supervisory frames contain N(R), the expected send 
sequence number of the next received I frame. At the time that a frame of the 
above types is designated for transmission, the value of N(R) is set equal to 
V(R). N(R) indicates that the data link layer entity transmitting the N(R) has 
correctly received all I frames numbered up to and including N(R) -— 1. 


36523 Unacknowledged operation — variables and parameters 


No variables are defined. One parameter is defined, N201 (see 
355923) 


3.6 Frame types 
33.0.6 1 Commands and responses 


The following commands and responses are used by either the user or 
the network data link layer entities and are represented in Table 5/Q.921. Each 
data link connection shall support the full set of commands and responses for 
each application implemented. The frame types associated with each of the two 
applications are identified in Table 5/Q.921. 


Frame types associated with an application not implemented 
Shall be discarded and no action shall be taken as a result of that frame. 


. For purposes of the LAPD procedures in each application, those 
encodings not identified in Table 5/Q.921 are identified as undefined command 


and response control fields. The actions to be taken are specified in 8 5.8.5. 


The commands and responses in Table 5/Q.921 are defined 
in 88 3.6.2-3.6.12. 
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TABLE 5/Q.921 


Commands and responses - modulo 128 


Encoding Octet 
Application Format Commands I 






















Information 4 
I (information) 
Transfer 5 
RR (receive RR eer 4 
ready) ready) 5 
RNR (receive RNR (receive 4 
Unacknowledged SUpeveey not ready) not ready) 5 
REJ | ey 4 
and (reject) | ey 5 
SABME (set 
Multiple asynchronous 
balanced 4 
Frame mode 
extended) 
Bre RROWAcH BES ae (disconnected ? 
mode) 
Information 
UI = j 
ee seine 
Unnumbered DISC 
(disconnect) 4 
VA (unnumbered |, 4 
aclnowledwenient)| ” 
reject) 
Connection 
Management 4 





XID (Exchange | XID (Exchange 
Identification) | Identification) {1 9 1 PJP. A -d. a 
See Note See Note 


Note - Use of the XID frame other than for parameter negotiation procedures (see § 5.4) is for 
further study. 
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3.6.2 Information (1) command 


The function of the information (1) command is to transfer, across 
a data link connection, sequentially numbered frames containing information 
fields provided by layer 3. This command is used in the multiple frame 
operation on point-to-point data link connections. 
3.6.3 Set asynchronous balanced mode extended (SABME) command 

The SABME unnumbered command is used to place the addressed 
user side or network side into modulo 128 multiple frame acknowledged 


operation, 


No information field is permitted with the SABME command. A data link 
layer entity confirms acceptance of an SABME command by the transmission at the 
first opportunity of a UA response. Upon acceptance of this command, the data 
link layer entity's V(S), V(A), and V(R) are set to 0. The transmission of an 
SABME command indicates the clearance of all exception conditions. 


Previously transmitted I frames that are unacknowledged when this 
command is processed remain unacknowledged and are discarded. It is the 
responsibility of a higher level (for example, layer 3) or the management 
entity to recover from the possible loss of the contents of such I frames. 


3.6.4 Disconnect (DISC) command 


The DISC unnumbered command is used to terminate the multiple frame 
operation. 


No information field is permitted with the DISC command. The data link 
layer entity receiving the DISC command confirms the acceptance of a DISC 
command by the transmission of a UA response. The data link layer entity 
sending the DISC command terminates the multiple frame operation when it 
receives the acknowledging UA or DM response. 


Previously transmitted I frames that are unacknowledged when this 
command is processed remain unacknowledged and are discarded. It is the 
responsibility of a higher level (for example, layer 3) or the management 
entity to recover from the possible loss of the contents of such I frames. 


3.6.5 Unnumbered information (UI) command 


When a layer 3 or management entity requests unacknowledged 
information transfer, the UI unnumbered command is used to send 
information to its peer without affecting data link layer variables. UI command 
frames do not carry a sequence number and therefore, the UI frame may be lost 
without notification. 
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3.6.6 Receive ready (RR) command/response 


The RR supervisory frame is used by a data link layer 
entity to: 


a) indicate it is ready to receive an I frame; 


b) acknowledge previously received I frames numbered up to and 
including N(R) — 1 (as defined in 8 5); and 


c) clear a busy condition that was indicated by the earlier 
transmission of an RNR frame by that same data link layer 
entity. 


In addition to indicating the status of a data link layer entity, 
the RR command with the P bit set to 1 may be used by the data link layer 
entity to ask for the status of its peer data link layer entity. 


S027] Reject (REJ) command/response 


The REJ supervisory frame is used by a data link layer 
entity to request retransmission of I frames starting with the frame numbered 
N(R). The value of N(R) in the REJ frame acknowledges I frames numbered up to 
and including N(R) — 1. New I frames pending initial transmission shall be 
transmitted following the retransmitted I frame(s). 


Only one REJ exception condition for a given direction of information 
transfer is established at a time. The REJ exception condition is cleared 
(reset) upon the receipt of an I frame with an N(S) equal to the N(R) of the 
REJ frame. An optional procedure for the retransmission of a REJ response 
frame is described in Appendix lI. 


The transmission of a REJ frame shall also indicate the clearance of 
any busy condition within the sending data link layer entity that was reported 
by the earlier transmission of an RNR frame by that same data link layer 
entity. 


In addition to indicating the status of a data link layer entity, the 
REJ command with P bit set to 1 may be uSed by the data link layer entity to 
ask for the status of its peer data link layer entity. 


3.6.8 Receive not ready (RNR) command/response 


The RNR supervisory frame is used by a data link layer 
entity to indicate a busy condition; that is, a temporary inability to accept 
additional incoming 1 frames. The value of N(R) in the RNR frame acknowledges 
I frames numered up to and including N(R)-1. 


In addition to indicating the status of a data link layer entity, the 


RNR command with the P bit set to 1 may be used by the data link layer entity 
to ask for the status of its peer data link layer entity. 
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3.6.9 Unnumbered acknowledgement (UA) response 


The UA unnumbered response is used by a data link layer 
entity to acknowledge the receipt and acceptance of the mode-setting 
commands (SABME or DISC). Received mode-setting commands are not processed 
until the UA response is transmitted. No information field is permitted with 
the UA response. The transmission of the UA response indicates the clearance of 
any busy condition that was reported by the earlier transmission of an RNR 
frame by that same data link layer entity. 


3.6.10 Disconnected mode (DM) response 


The DM unnumbered response is used by a data link layer 
entity to report to its peer that the data link layer is in a state such that 
multiple frame operation cannot be performed. No information field is permitted 
With the DM response. 


ae Ont Frame reject (FRMR) response 

The FRMR unnumbered response may be received by a data link 
layer entity as a report of an error condition not recoverable by 
retransmission of the identical frame, i.e. at least one of the following error 


conditions resulting from the receipt of a valid frame: 


a) the receipt of a command or response control field that is 
undefined or not implemented; 


b) the receipt of a supervisory or unnumbered frame 
with incorrect length; 


c) the receipt of an invalid N(R); or 


d) the receipt of an I frame with an information field which 
exceeds the maximum established length. 


An undefined control field is any of the control field encodings 
that are not identified in Table 5/Q.921. 


A valid N(R) value is one that is in the range V(A) S$ N(R) S V(S). 
An information field which immediately follows the control field and 
consists of five octets (modulo 128 operation) is returned with this 


response and provides the reason for the FRMR response. This information field 
format is given in Figure 6/Q.921. 
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Octet 5 





Rejected frame control field is the control field of the received frame which caused the frame 
reject. When the rejected frame is an unnumbered frame, the control field of the rejected frame is 
positioned in octet 5, with octet 6 set to 0000 0000 . 


V(S) is the current send state variable value on the user side or network side reporting the 
rejection condition. 


C/Ris set to 1 if the frame rejected was a response and is set to 0 if the frame rejected was a 
command. 


— V(R) is the current receive state variable value on the user side or network side reporting the 


rejection condition. 


— Wset to 1 indicates that the control field received and returned in octets 5 and 6 was undefined 


or not implemented. 


— Xset to 1 indicates that the control field received and returned in octets 5 and 6 was considered 


invalid because the frame contained an information field which is not permitted with this frame or 
is a supervisory or unnumbered frame with incorrect length. Bit W must be set to 1 in 
conjunction with this bit. 


— Y set to 1 indicates that the information field received exceeded the maximum established 


rd 


information field length (N201) of the user side or network side reporting the rejection condition. 


7, set to 1 indicates that the control field received and returned in octets 5 and 6 contained an 


invalid N(R). 
Octet 7 bit 1 and octet 9 bits 5 through 8 shall be set to 0. 


FIGURE 6/Q.921 


FRMR information field format - extended (modulo 128) operation 
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Beste Exchange identification (XID) command/response 


The XID frame may contain an information field in which the 
identification information is conveyed. The exchange of XID frames is a 
compelled arrangement used in connection management (i.e. when a peer entity 
receives an XID command, it shall respond with an XID response at the earliest 
time possible). No Sequence numbers are contained within the control field. 


The information field is not mandatory. However, if a valid XID 
command contains an information field and the receiver can interpret its 
contents, the receiver should then respond with an XID response also containing 
an information field. If the information field cannot be interpreted by the 
receiving entity, or a zero length information field has been received, an XID 
response frame shall be issued containing a zero length information field. The 
maximum length of the information field must conform to the vaiue N201. 


Sending or receiving an XID frame shall have no effect on the 
operational mode or state variables associated with the data link layer 
entities. 


y ' Elements for layer-to-layer communication 


eee General 


Communications between layers and, for this Recommendation, between 
the data link layer and the layer management are accomplished by means 
of primitives. 


Primitives represent, in an abstract way, tne logical exchange of 
information and control between the data link and adjacent layers. They do not 
Specify or constrain implementations. 

Primitives consist of commands and their respective responses 
associated with the services requested of a lower layer. The general syntax of 
a primitive is: 


XX — Generic name — Type: Parameters 


where XX designates the interface across which the primitive flows. For this 
Recommendation, XX is: 


= DL for communication between layer 3 and the data link 
layer; 


= PH for communication between the data link layer and the 
physical layer; 


= MDL for communication between the layer Management and the 
data link layer; or 


= MPH for communication between the Management entity and the 
physical layer. 
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ig aoe Generic names 


The generic name specifies the activity that should be performed. 
Table 6/Q.921 illustrates the primitives defined in this Recommendation. Note 
that not all primitives have associated parameters. 


Table 6/0.921, p. 59 


The primitive generic names that are defined in this 
Recommendation are: 


Heletet: DL ESTABLISH 


The DL-ESTABLISH primitives are used to request, indicate and 
confirm the outcome of the procedures for establishing multiple frame 
operation. 


Wsotwbee. DG-RELEASE 


Tne DL-RELEASE primitives are used to request, indicate and confirm 
the outcome of the procedures for terminating a previously establishec multiple 
franie operation, or for reporting an unsuccessful establishment attempt. 


4.1.1.3 DL-DATA 


The DL-DATA primitives are used to request and indicate layer 3 
messages which are to be transmitted, or have been received, by the data link 
layer using the acknowledged information transfer service. 


4.1.1.4 DL-UNIT DATA 


The DL-UNIT DATA primitives are used to request and indicate 
layer 3 messages which are to be transmitted, or have been received, by the 
data link layer uSing the unacknowledged information transfer service. 


Helps, MOLSASSTCN 


The MDL-ASSIGN primitives are used by the layer management entity 
to request that the data link layer associate the TEI value contained within 
the message unit of the primitive with the specified Connection Endpoint 
Suffix (CES), across all SAPIs. The MDL-ASSIGN primitive is used by the data 
link layer to indicate to the layer management entity the need for a TEI] value 
to be associated with the CES specified in the primitive message unit. 


4.1.1.6 MDL-REMOVE 
The MDL-REMOVE primitives are used by the layer management entity 
to request that the data link layer remove the association of the specified TEI 


value with the specified CES, across all SAPIs. The TEI and CES are specified : 
by the MDL-REMOVE primitive message unit. 
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4.1.1.7 MDL-ERROR 


The MDL-~ERROR primitives are used to indicate to the connection 
management entity that an error has occurred, associated with a previous 
management function request or detected as a result of communication with the 
data link layer peer entity. The layer management entity may respond with an 
MDL-ERROR primitive if the layer management entity cannot obtain a TEI 
value. 


4.1.1.8 MDL-UNIT DATA 


Tne MDL-UNIT DATA primitives are used to request and indicate layer 
management entity messages which are to be transmitted, or have been received, 
by the data link layer uSing the unacknowledged information transfer 
service. 


Heiehkes) (MDL XLD 


Tne MDL-XID primitives are used by the connection management entity 
to request, indicate, respond and confirm the outcome of the actions for the 


use of the XID procedures. 


Hetalel®. -PR-DATA 


The PH-DATA primitives are used to request and indicate message 
units containing frames used for data link layer peer-to-peer communications 
passed to and from the physical layer. 


‘ocleberh PRRACGTIVATE 


The PH-ACTIVATE primitives are used to request activation of the 
physical layer connection or to indicate that the physical layer connection has 
been activated. 


4.1.1.12 PH-DEACTIVATE 


The PH-DEACTIVATE primitive is used to indicate that the physical 
layer connection has been deactivated. 


4.1.1.13 MPH-ACTIVATE (see Appendix III) 


The MPH-ACTIVATE primitive is used to indicate that the physical 
layer connection has been activated. 


4.1.1.14 MPH-DEACTIVATE (see Appendix III) 
The MPH-DEACTIVATE primitives are used to request deactivation of 
the physical layer connection or to indicate that the physical layer connection 


has been deactivated. The —REQUEST primitive is for use by the network side 
SyStem management entity. 
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4.1.1.15 MPH-INFORMATION 


The MPH-INFORMATION primitive is for use by the user side 
management entity, and provides an indication as to whether the terminal 
is: 


a connected; or 


- disconnected or unable to provide sufficient power to Support 
the TE] management procedures. 


4.1.2 Primitive types 
The primitive types defined in this Recommendation are: 


Holees. ABOUBOL 


The REQUEST primitive type is used when a higher layer or layer 
management is requesting a service from the lower layer. 


4.1.2.2 INDICATION 


The INDICATION primitive type is used by a layer providing a 
service to inform the higher layer or layer management. 


Weleees SKESPONSE 


The RESPONSE primitive type is used by layer management as 
a consequence of the INDICATION primitive type. 


4.1.2.4 CONFIRM 


The CONFIRM primitive type is used by the layer providing the 
requested service to confirm that the activity has been completed. 


Figure 7/Q.921 illustrates the relationship of the primitive types 
to layer 3 and the data link layer. 
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peer-to-peer 
protocol 


FIGURE 77Q@.921 


Relationship of the primitive types to 
layer 3 and the data link layer 


4.1.3 Parameter definition 
4.1.3.1 Priority indicator 


Since several SAPs may exist on the network side or user side, 
protocol messages units sent by one SAP may contend with those of other service 
access points for the physical resources available for message transfer. The 
priority indicator is used to determine which message unit will have greater 
priority when contention exists. Tne priority indicator is only needed 
at the user side for distinguishing message units sent by the SAP with a SAPI 
value of O from all other message units. 


4.1.3.2 Message unit 


The message unit contains additional layer-to-layer information 
concerning actions and results associated with requests. In the case of the 
DATA primitives, the message unit contains the requesting layer peer-to-peer 
messages. For example, the DL-DATA message unit contains layer 3 information. 
The PH-DATA message unit contains the data link layer frame. 


Note— The operations across the data link layer/layer 3 boundary 
Shall be such that the layer sending the DL-DATA or DL-UNIT DATA primitive can 
assume a temporal order of the bits within the message unit and that the layer 
receiving the primitive can reconstruct the message with its assumed temporal 
order. 
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TABLE 6/Q.921 


Primitives associated with Recommendation Q.921 


Parameters | 
pe Message 
Generic ar 
name Request| Indication | Response| Confirm | Priority | Message 
ees : contents 
indicator unit 


L3 <-> L2 










DL-ESTABLISH 





Layer 3 
DL-DATA peer-to-peer message 


Layer 3 
DL-UNIT DATA peer-to-peer message 
M <-> L2 
MDL-ASSIGN TE] value, CES 
Reason for error 
MDL-ERROR message 
x Xx X Management function 
MDL-UNIT DATA peer-to-peer message 
X X X X X Connection management 
MDL-XID information 





L2 <-> Ll 


Data link laver 
PH-DATA peer-to-peer message 


L3 ++ L2: Layer 3/data link layer boundary 

L2 ++ L1: Data link layer/physical layer boundary 

M + L2: Management entity/data link layer boundary 
M ++ L1: Management entity/physical layer boundary 
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4.2 Primitive procedures 
He2el General 


Primitive procedures specify the interactions between adjacent 
layers to invoke and provide a service. The service primitives represent the 


elements of the procedures. 


In the scope of this Recommendation the interactions between layer 3 
and the data link layer are specified. 


Ui2.2 Layer 3 — data link layer interactions 


The states of a data link connection endpoint may be derived from 
the internal states of the data link layer entity Supporting this type of a 
data link connection. 


Data link connection endpoint states are defined as follows: 
a) Broadcast data link connection endpoint: 

ae information transfer state. 
Db) Point-to-point data link connection endpoint: 

a link connection released state; 

> awaiting establish state; 

a awaiting release state; 

we link connection established state. 


The primitives provide the procedural means to specify 
conceptually how a data link service user can invoke a service. 


This section defines the constraints on the sequences in which the 
primitives may occur. The sequences are related to the states at one 
point-to-point data link connection endpoint. 


Tne possible overall sequences of primitives at a point-to-point data 
link connection endpoint are defined in the state transition diagram, 
Figure 6/Q.921. The link connection released and link connection established 


States are stable states whilst the awaiting establish and awaiting release 


states ere transition states. 
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Notes to Figure 8/Q.921: 

Note 1—~I1f the data link layer entity issues a 

DL-ESTABLISH-INDICATION (this applies to the case of data link layer initiated 
or peer system initiated re-establisnment), DL-RELEASE-CONFIRM or 


DL-RELEASE-INDICATION, this indicates the discard of all the data link service 
data units representing DL-DATA-REQUESTsS. 


Note 2-—This primitive notifies layer 3 of link re-establishment. 


Note 3—This primitive will oceur if a DL-RELEASE-REQUEST collides 
With-@. DE=RELEASE-INDLOATION. 


Note 4—This primitive will occur if a DL-ESTABLISH-REQUEST 
collides with a DL-ESTABLISH-INDICATION. 


Note 5—This primitive will occur if a DL-RELEASE-REQUEST collides 

with a DL-ESTABLISH-INDICATION. 

Note 6—This primitive will occur if a DL-ESTABLISH-REQUEST (this 

applies to the case of layer 3 initiated re-establishment) collides with a 
DL-RELEASE-INDICATION. Since this DL-RELEASE-INDICATION is not related to the 


DL-ESTABLISH-REQUEST, the data link layer will establish the link and issue a 
DE-ESTABLISH=CONP IRM. 


5 Definition of the peer-to-peer procedures of the data link 
layer 


The procedures for use by the data link layer are specified in the 
follcwing sections. 


The elements of procedure (frame types) which apply are: 
a) for unacknowledged information transfer (8 5.2): 
UI-command 


b) for multiple frame acknowledged information transfer 
(38 5.5 to 5.8): 


SABME-command 
UA-response 
DM-response 
DISC-command — 
RR-command/response 


RNR-command/response 
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REJ-command/response 
I-command 


FRMR-response 


c) for connection management entity information transfer: 


XID-command/response. 


5.1 Procedure for the use of the P/F bit 
Dae let Unacknowledged information transfer 


For unacknowledged information transfer the P/F bit is not used and 
Shead De Set. 0:0. 


De dowe Acknowledged multiple frame information transfer 


A data link layer entity receiving an SABME, DISC, RR, RNR, REJ 
or 1 frame, with the P bit set to 1, Shall set the F bit to 1 in the next 
response frame it transmits, as defined in Table 7/Q.921. 


TABLE 7/Q.921 


Immediate response operation of P/F bit 


Command received with P bit= 1 Response transmitted with F bit = 1 
SABME, DISC ‘UA, DM 
I, RR, RNR, REJ RR, RNR, REJ (note) 


Note—A LAPB data link layer entity may transmit an FRMR or DM response with 
the F bit set to 1 in response to an 1 frame or supervisory command with the 


P bit set to 1. 






3 Procedures for unacknowledged information transfer 


BG eel General 


The procedures which apply to the transmission of information in 
unacknowledged operation are defined below. 


No data link layer error recovery procedures are defined for 
unacknowledged operation. | 
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Dacre Transmission of unacknowledged information 


Note— The term "transmission of a UI frame" refers to the 
delivery of a UI frame by the data link layer to the physical layer. 





Unacknowledged information is passed to the data link layer by 
layer 3 or management entities using the primitives DL-UNIT DATA-REQUEST or 
MDL-UNIT DATA-REQUEST, respectively. The layer 3 or management message unit 
shall be transmitted in a UI command frame. 


For broadcast operation, the TEI value in the UI command address field 
shall be set to 127 (binary 111 1111, the group value). 


a“ 


For point-to-point operation, the appropriate TE] value shall be 
used. | 


The P bit shall be set to Q. 


In the case of persistent layer 1 deactivation, the data link layer 
will be informed by an appropriate indication. Upon receipt of this indication, 
all Ul transmission queues shall be discarded. 


Note— The network side system management deactivation procedures 
should ensure that layer 1 is not deactivated before all UI data transfer is 
completed. 





Owes Receipt of unacknowledged information 


On receipt of a UI command frame with a SAPI and TEI which are 
Supported by the receiver, the contents of the information field shall be 
passed to the layer 3 or management entity using the data link layer to layer 3 
primitive DL-UNIT DATA-INDICATION or the data link layer to management 
primitive MDL-UNIT DATA-INDICATION, respectively. Otherwise, the UI command 
frame Shall be discarded. 


Se5 Terminal endpoint identifier (TEI) management procedures 
Dao General 


TE] management is based on the following procedural 


means: 
_ TEI assignment procedures (see 8 5.3.2); 
— TEI check procedures (see 8 5.3.3); 
= TEI removal procedures (see 8 5.3.4); 
ae optional user equipment initiated TEI Identity verify 
procedures (see 8 5.3.5). 
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A user equipment in the TEI-unassigned state shall use the TEI 
assignment procedures to enter the TEl-~assigned state. Conceptually, these 
procedures exist in the layer management entity. The layer management entity on 
the network side is referred to as the @Assignment Source Point (ASP)\ in this 
Recommendation. 


The purpose of these procedures is to: 


a) allow automatic TEI equipment to request the network to 
assign a TEI value that the data link layer entities within 
the requesting user equipment will use in their subsequent 


communications; 


b) allow a network to remove a previously assigned TEI value 
from specific or all user equipments; 


Cc) allow a network to check: 
= whether or not a TEI value is in use, or 
a whether multiple TEI assignment has occurred; 


d) allow user equipment the option to request that the network 
invoke TEI check procedures. 


The user side layer management entity shall instruct the user data 
link layer entities to remove all TEI values when it is notified that the 
terminal is disconnected at the interface (as defined in 
Recommendation 1.430). 


Additionally, the user side layer management entity should instruct 
the user data link layer entity to remove a TEI value for its own internal 
reasons (for example, losing the ability to communicate with the network). The 
layer management entity shall use the MDL-REMOVE-REQUEST primitive for these 
purposes. 


§ 5.3.4.1 includes the actions taken by a data link layer entity 
receiving an MDL-REMOVE-REQUEST primitive. 


Typically, one TEI value would be used by the user equipment (for 
example, a data link layer entity which has been assigned a TEI value could use 
that value for all SAPs which it supports). If required, a number of TEI values 
may be requested by multiple use of the procedures defined in 8 5.3.2. It shall 
be the responsibility of the user to maintain the association between TEI and 
SAPI values. 


The initiation of TEI assignment procedures occurs on the receipt of 
a request for establishment or unacknowledged information transfer while in the 
TEI~unassigned state. The data link layer entity shall inform the layer 
management entity using the MDL-ASSIGN-INDICATION primitive. Alternatively, the 
user Side layer management entity may initiate the TEI assignment procedures 
for its own reasons. 


Note—In the case of initialization from a no power condition, the 
user equipment should postpone the start of the TEI assignment procedure until 
an outgoing or incoming call is to be handled. 65 
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All layer management entity messages used for these TEI management 


procedures are transmitted to, 


using the MDL-UNIT DATA-REQUEST primitive, 
respectively. The data link layer entity Shall transmit management 


primitive, 


or received fron, 


the data link layer entity 
or the MDL-UNIT DATA-INDICATION 


entity messages in Ul command frames. The SAPI value shall be 63. The TEI 


value Shali be 127. 


ieee TEI assignment procedure 
If the user equipment is of the 
Category, the user side layer management 


be used to the data link layer entity(s) 


If the user equipment is of the 


non-automatic TEI assignment 
entity shall deliver the TEI value to 
via the MDL-~ASSIGN-REQUEST primitive. 


automatic TE] assignment category, 





upon initiation of the automatic TEI asSsignment procedure, the user side layer 
management entity Shall transmit to its peer a message containing the following 
elements: 


a) message type = Identity request; 
b) Reference number (Ri); and 
Cc) Action indicator (Ai). 


The Reference number, Ri, Shall be used to differentiate between 
a number of user equipments which may Simultaneously request assignment of 
a TE] value. The Ki shall be 2 octets in length and shall be randomly generated 
for each request message by the user equipments. 


All values in the range 0 to 65535 shall be available from the random 
number generator. 


Note— The design of the random number generator should minimize the 
probability of identical reference numbers being generated by terminals which 
initiate their TzI assignment procedures simultaneously. 





The Ssingle-octet Action indicator, Ai, shall be used to indicate a 
request to the ASP for the assignment of any TEI value available. 


The coding of the Ai shall be Ai = Group address TEI = 127. This Ai 


value requests the ASP to assign any TEI value. 
A timer T202 shall be started. 


The ASP, on receipt of the Identity request message, shall 
either: 


select a TEI value; 
= deny Identity requests with Ai values in the range 64-126, 


or ignore Identity requests with the Ai value in the range 0-63; | 
or | 
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as ignore the Identity request message if a previous Identity 
request message that contains an identical Ri has been received 
and no response has been issued. In this case, the ASP shall not 


asSign a TEI value to either request. 


Selection of a TEI value shall be on the basis of information 
stored at the ASP. This may consist of: 


ag a map of the full range of automatic TEI values; or 


= an updated list of all automatic TEI values available for 
assignment, or a smaller subset. | 


The ASP, after having selected the TEI value, shall inform the 
network data link entities by means of the MDL-ASSIGN-REQUEST primitive and 
transmit to its peer a message containing the following elements: 


a) message type = Identity assigned; 
b) Reference number (Ri); and 
Cc) the assigned TEI value in the Ai field. 


If the available TEI information/resources are exhausted, a TEI 
check procedure should be initiated. 


A user side layer management entity receiving this Identity 
assigned message shall compare the TEI value to its own to see if it is 
already allocated if an Identity request message is outstanding. 
Additionally, the TEI value may be compared on the receipt of all Identity 


assigned messages. 
If there is a match, the management entity Shall either: 
a initiate TEI removal; or 
= initiate the TEI identity verify procedures. 


If there is no match, the user side layer management entity © 
shall: 


— compare the Ri value with any outstanding Identity request 
message and if it matches, consider the TEI value assigned to 
the user equipment, discard the value of Ri, inform the user 
Side data link layer entities by means of the MDL-ASSIGN-REQUEST 
primitive and stop timer T202; 


= compare the Ri value with any outstanding Identity request 
message and if there is no match, do nothing; 


= if there is no outstanding Identity request message, do 
nothing. 











AMERICAN NATIONAL STANDARD T1.602-1989 


When the data link layer receives the MDL-ASSIGN-REQUEST primitive 
from the layer management entity, the data link layer entity shall: 


= enter the TEI-assigned state; and 


> proceed with data link establishment procedures if a 
DL-ESTABLISH-REQUEST primitive is outstanding, or proceed with 
the transmission of a UI command frame if a DL-UNIT 
DATA-REQUEST primitive is outstanding. 


To deny an Identity request message, the ASP shall transmit to its 
peer a message containing the following elements: 


a) message type = Identity denied; 
bd Reference number (Ri); and 
Cc) the value of TEI which is denied in the Ai field (a value of 


127 indicates that no TEI values are available). 
DeSecel- EXpiry of timer 1202 


If the user receives either no response or an Identity denied 
message to its Identity request message, then on expiry of timer T202, the 
timer shall be restarted and the Identity request message shall be 
retransmitted with a new value of Ri. 


After N202 unsuccessful attempts to acquire a TEI value, the layer 
management entity shall inform the data link layer entity uSing the 
MDL-~ERROR-RESPONSE primitive. The data link layer entity receiving the 
MDL-~ERROR-RESPONSE primitive shall respond with the DL-RELEASE-INDICATION 
primitive if a request for establishment had previously occurred, and shall 
discard all unserviced DL-UNIT DATA-REQUEST primitives. 


The values of T202 and N202 are specified in 8 5.9. 


The TEL assignment procedure is illustrated in Figure 9/Q.921. 
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User side ASP 


UI (SAPI, TEI) [ID request, Ri,Ai] 





Start T202 
UI (SAPI, TET) [ID assigned, Ri,Ai] 
or 
UL (CSAPI.,,. TEL) [ID denied, Ri,Ai] 
CCITT-89970 
SAPI : Service access point identifier = 63 
rel : Group TEI = 127 
ID request : Identity request 
ID assigned : Identity assigned 
ID denied : Identity denied 
Aj : Action indicator, see Table 8/Q.921 
Ri : Reference number 
() : Contents of the data link layer command address field 
( - Contents of the data link layer command information field 
FIGURE. 9 /Q292) 
TET assignment procedure 
Se ree. TEI check procedure 


5.3.3.1 Use of the TEI check procedure 

The TEI check procedure shall be used in the TEI audit and 
recovery procedures. The TEI check procedure allows the network side layer 
management entity either: 

= to establish that a TEI value is in use; or 

= to verify multiple TEI assignment. 

The TEI check procedure for verifying multiple TEI assignment may 
also optionally be invoked as a response to an Identity verify 
request message from the user equipment. 


5.3.3.2 Operation of the TEI check procedure 


The TEI check procedure is illustrated in 
Figure 10/0.921. 
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User side ASP 
UI (SAPI, TEI) [ID check request, Ai] 
Start 720] 


(SAPI, TEI) [ID check response, Ri,Ai] 





SAPI = 63 CCITT-899860 
TEL 127 


Note 1 — For explanation of legends, see Figure 9/Q.921. 


FIGURE 10/Q.921 


Ter Cheth procedure 


The ASP shall transmit a message containing the following 
elements: 


a) message type = Identity check request; and 


D) Ai field which contains the TEI value to be checked or the 
value 127 when all TEI values are to be checked. 


Timer T201 shall be started. 
If any user equipment has been assigned the TEI value specified in 


the identity check request message, it shall respond by transmitting a message 
containing the following elements: 


a) message type = Identity check response; 
b) tne Tei Velue i tne Al freia; and 
c) neference numder (Hi). 


When the TEI cneck procedure is usea to verify multiple TEI 


assignment: 
aa if more than cne Identity check response is received 
within T201, then multiple Tre: assignment shall be considerec 
present; otherwise the request shall be repeated once and timer 
T201 restarted; 
a if more than one identity check response is received witnin 
the second T20i period, multiple TEI assignment shall be 
considered present; 
= if no Identity check response is received after both Tz201 
periods, the TEi vaiue shail be assumed to be free and éevailebie 
for (re)assignment; 
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= if one Identity check response is received in one or both 
T201 periods, tne TEI value shall be assumed to be in 


use. 


When the TEL check procedure is used to test whether a TEI 
value is in use, it is completed upon the receipt of the first TEL Identity 
check response message, and the TEI value is assumed to be in use. 
Otherwise: 


oa if no Identity check response is received within Te01, tne 
identity check request shall be repeated once and timer T201 


restarted; 


= if no Identity check response is received after the second 
Identity check request, the TE] value shall be assumed to be 
free and available for reassignment. 


If the Ai value in the Identity check request is equal to 127, it 
is preferred that the receiving user side layer management entity respond with 
a single Identity check response message that contains all of the TEI values in 
use within that user equipment (see 8 5.3.5.5). If an Identity check request 
with Ai equal to 127 is transmitted and an Identity check response is received 
making use of the extension facility, each Ai variabie in the Al field shall be 
processed as if received in separate Identity check responses for perallel 
Identity check requests. 


5.3.4 TEI removal procedure 


When the network side layer management entity determines that the 
removal of a TEI value (see 8 5.3.4.2) is necessary, the ASP shall transmit a 
message containing the foliowing elements and issue an MDL-~REMOVE-REQUEST 
primitive: 


a) message type = Identity remove; and 


b) TEI value which is to be removed, as indicated in the Ai 
field (the value 127 indicates that all uSer equipments should 
remove their TEI values; otnerwise, the specific TE1 value 
should be removed). : 


The Identity remove message Shall be sent twice in 
succession, to overcome possible message loss. 


When the user side layer management entity determines that the removal 
of a TEI value is necessary (see 8 5.3.4.2), it shall instruct the data link 
layer entity to enter the TEI-unassigned state, using the MDL-~REMOVE-REQUEST 
primitive. This action would also be taken for all TEI values when the Ai field 
contains the value of 127. 


Further action to be taken shall be either initiation of automatic TEI 
asSignment for a new TEI value or notification to the equipment user for the 
need for corrective action (that is, when equipment uses a non-automatic TEI 
value and does not support the automatic TEI assignment procedure. ) 
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5.3.4.1 Action taken by the data link layer entity receiving the 
MDL-~REMOVE-REQUEST primitive 


A data link layer entity receiving an MDL-~REMOVE-REQUEST primitive 


Shall: 


a) 


b) 


if no DL-RELEASE-REQUEST primitive is outstanding and the 
user equipment is not in the TEI-~assigned State, issue a 
DL-RELEASE-INDICATION primitive; or 


if a DL-RELEASE-REQUEST primitive is outstanding, issue a 
DL-RELEASE-~CONFIRM primitive. 


The data link layer entity shall then enter the TEI-unassigned 
state after discarding the contents of both UI and I queues. 


5.3.4.2 Conditions for TEI removal 


At 


the user equipment, automatic TEI values shall be removed, and 


in the case of non-automatic TEI values, an appropriate indication shall be 
made to the user under the following conditions: 


At 


on request from the ASP by an Identity remove message; 


on receipt of an MPH-INFORMATION-INDICATION (disconnected) 
primitive; 


on receipt of an MDL-ERROR-INDICATION primitive indicating 
that the data link layer entity has assumed possible multiple 
assignment of a TEI value, rather than requesting a TEI check 
procedure by the transmission of an Identity verify request 
message; or 


optionally on receipt of an Identity asSigned message 
containing a TEI value in the Ai field, which is already in use 
within the user equipment (see 8 5.3.2). 


the network side, TEI values should be removed: 


following a TEI audit procedure showing that a TEI value is 
no longer in use or that multiple TEI assignment has 
oceurred: -or 


on receipt of an MDL-ERROR-INDICATION primitive indicating a 
possible multiple TEI assignment, which may be confirmed by the 
invocation of the TEI check procedures. 


oe Pee TEI identity verify procedure 


5 aie ae Sa General 


The TEL identity verify procedure allows the user side layer 
management entity to have the capability to request that the network invoke the 
identity check procedure for verification of multiple TEI assignment. 
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The TEI identity verify procedure is optional for both the network and 
user equipment. 


5.3.5.2 Operation of the TEI identity verify procedure 


The TEL identity verify procedure is illustrated in 


USER SIDE 
| ASP 


Start T202 


START 
T261 





SAPI = 63, TEI = 127 CCITT-89990 
Note { — For explanation of legends, see Figure 9/Q.921, 


Note 2 — The Ai in the ID Verify will be in the range 0 to 126. 
Ai = 127 is not allowed. / 


FIGURE 11/Q.921 


TEI Identify verify procedure 


The user equipment shall transmit an Identity verify message 
containing the following elements: 


a) message type = Identity verify request; 
b) the TEI value to be checked in the Ai field; and 


c) the Ri field, which is not processed by the network and is 
coded 0. 


Timer T202 is started. 


The ASP, on receipt of the TEI Identity verify message shall, if 
implemented, invoke the TEI check procedure as defined in 8 5.3.3. This 
will result in the ASP sending an Identity check request message to the user 
equipment. 
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5.3.5.3 Expiry of Timer T202 


If the user equipment receives no Identity check request message 
with an Aj equal to its TEI or an Aj equal to 127 before the expiry of 
timer T202, the user side layer management entity shall restart the timer and 
the Identity verify message shall be retransmitted. If no Identity check 
request message is received from the ASP after the second Identity verify 
request, the TEI shall be removed. 


5.3.6 Formats and codes 
5.3.6.1 General 

All messages used for TEI management procedures are carried in the 
information field of UI command frames with a SAPI value set to 63 (binary 


11.1111) and TEI value set to 127 (binary 111 1111). 


All messages have the structure shown in Figure 12/Q.921. 


8 i 6 5 4 3 2 1 
Octet 
Management Entity Identifier 1 
Reference Number 2 
3 
Message Type 4 
Action Indicator .- 5 





Figure 12/Q.921 


Messages used for TEI management procedures 
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Fields that are not used in a specific message are coded all 
zeros, and are not to be processed by either side. 


The coding of each field for the various mesSages is specified in 
Table 8/Q.921. 


E is the Action indicator field extension bit (see 8 5.3.6.5). 


TABLE 8/Q.921 


Codes for messages concerning TEI management procedures 













Management Reference 
entity number Message 
identifier Ri type 


Identity request 0000 1111 O - 65535 

(user to network) 

Identity assigned {| 0000 1111 O - 65535 0010 
(network to user) 


Identity denied 0000 1111 0 - 65535 0011 
(network to user) 
Identity check 

request 0000 1111 Not used (coded 0) 
(network to user) 
Identity check 

response 0000 1111 0 - 65535 0101 
(user to network) 
Identity remove 0000 1111 Not used (coded 0) 
(network to user) 
Identity Verify OOOO 1111 
(user to network) 


Action indicator 
Al 


Message name 


Ai = 127 , Any TEI value 
acceptable 


Ai = 64-126 | Assigned TEI 


value 





Ai= 64-126, denied TEI value 


127, No TEI value 
available 


Haale 
g 


Ai = 127 > Check all TEI values 


: 


0100 






0110 


Request for removal 
of all TEI values 
Ai = 0-126, TEI value to be 


removed 





Not used (coded 0) {| 0000 0111 


Ai = O- 126, TEI value 
to be checked 






Bimins 





Ses or eee Sener eee eee ee 


re 
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5.3.6.2 Layer management entity identifier 


For TEI administration procedures, the layer management entity 
jdentifier octet is 00001111. Other values are reserved for further 
standardization. . 


5.3.6.3 Reference number (Ri) 


Octets 2 and 3 contain Ri. When used, it can assume any value 
between O and 65535. 


5.3.6.4 Message type 


Octet 4 contains the message type. The purpose of the message type 
is to identify the function of the message being sent. 


5.3.6.5 Action indicator (Ai) 


The Ai field is extended by reserving the first transmitted bit of 
the Ai field octets to indicate the final octet of the Ai field. 


Ai variables in the Ai field are coded as follows: 


a) bit 1 is the extension bit and is coded as 
follows: 


== O to indicate an extension, and 
oa 1 to indicate the final octet; 
D> bits 2 to 8 contain the Action indicator. 


The purpose of the Action indicator is to identify the concerned 
TEI value(s). 


5.4 Automatic negotiation of data link layer parameters 


This procedure is defined in Appendix IV. 


Deo Procedures for establishment and release of multiple frame 
operation 
Dee | Establishment of multiple frame operation 


The provision of extended multiple frame operation (modulo 128 
sequencing) is recommended. 


5.5.1.1 General 


These procedures shall be used to establish multiple frame 
operation between the network and a designated user entity. 


Layer 3 will request establishment of the multiple frame operation by 
the use of the DL-ESTABLISH-REQUEST primitives. Re-establishment may be 
initiated as a result of the data link layer procedures defined in 8 5.7. All 
frames other than unnumbered frame formats received during the establishment 
procedures shall be ignored. 
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5.5.1.2 Establishment procedures 


A data link layer entity shall initiate a request for the multiple 
frame operation to be set by transmitting the SABME command. All existing 
exception conditions shall be cleared, the retransmission counter shall be 
reset, and timer T200 shall then be started (timer T200 is defined in § 5.9.1). 
All mode setting commands shall be transmitted with the P bit set 
to 1. 


Layer 3 initiated establishment procedures imply the discard of all 
outstanding DL-DATA-REQUEST primitives and all I frames in queue. 


A data link layer entity receiving an SABME command, if it is able 
to enter the multiple-frame-established state, Shall: 


= respond with a UA response with the F bit set to the same 
binary value as the P bit in the received SABME command; 


= set V(S), V(R) and V(A) to 0; 


= enter the multiple-frame-established state and inform 
layer 3 using the DL-ESTABLISH-INDICATION primitive; 


= clear all existing exception conditions; 
a clear any existing peer receiver busy condition; and 


eo start timer T203 (timer T203 is defined in 8 5.9.8), if 
implemented. 


If the data link layer entity is unable to enter the 
multiple-frame-established state, it shall respond to the SABME command with 
a DM response with the F bit set to the same binary value as the P bit in the 
received SABME command. 


Upon reception of the UA response with the F bit set to 1, the 
originator of the SABME command shall: 


= reset timer T200; 
a Start timer T203 if implemented; 
i set V(S), V(R), and V(A) to 0; and 


= enter the multiple-frame-established state and inform 
layer 3 using the DL-~ESTABLISH-CONFIRM primitive. 


Upon reception of a DM response with the F bit set to 1, the 
originator of the SABME command shall indicate this to layer 3 by means of 
the DL-~RELEASE-INDICATION primitive, and reset timer T200. It shall then enter 
the TEI~assigned state. DM responses with the F bit set to 0 shall be ignored 
in this case. 
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A DL-RELEASE-REQUEST primitive received during data link layer 
initiated re-establishment shall be serviced on completion of the establishment 


mode-~setting operation. 
5.5.1.3 Procedure on expiry of timer T200 


If timer T200 expires before the UA or DM response with the F bit 
set to 1 is received, the data link layer entity shall: 


oe retransmit the SABME command as above; 
= restart timer T200; and 
= increment the retransmission counter. 


After retransmission of the SABME command N200 times, the data 
link layer entity shall indicate this to layer 3 and the connection management 
entity by means of the DL-RELEASE-INDICATION and MDL-ERROR-INDICATION 
primitives, respectively, and enter the TEI-assigned state, after discarding 
all outstanding DL-DATA-REQUEST primitives and all I frames in queue. 


The value of NZ200 is defined in 8 5.9.2. 


5.542 Information transfer 


Having either transmitted the UA response to a received SABME 
command or received the UA response to a transmitted SABME command, Il frames 
and supervisory frames shall be transmitted and received according to the 
procedures described in 8 5.6. 7 


If an SABME command is received while in the 
multiple-frame-established state, the data link layer entity Shall conform to 
the re-establishment procedure described in 8 5.7. 


On receipt of a UI command, the procedures defined in 8 5.2 shall be 
followed. 


Daou Termination of multiple frame operation 
5.5.3.1 General 


These procedures shall be used to terminate the multiple frame 
operation between the network and a designated user entity. 


Layer 3 will request termination of the multiple frame operation by 
use of the DL-RELEASE-REQUEST primitive. 


All frames other than unnumbered frames received during the release 
procedures shall be ignored. 


All outstanding DL-DATA-REQUEST primitives and all I frames in queue 
Shall be discarded. 


In the case of persistant layer 1 deactivation the data link layer 
entity shall discard all I queues and deliver to layer 3 a DL-RELEASE-CONFIRM 
primitive if a DL-RELEASE-REQUEST primitive is outstanding, or otherwise a 
DL-RELEASE-INDICATION primitive. 
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5.5.3.2 Release procedure 


A data link layer entity shall initiate a request for release of 
the multiple frame operation by transmitting the Disconnect (DISC) command with 
the P bit set to 1. Timer T200 shall then be started and the retransmission 


counter reset. 


A data link layer entity receiving a DISC command while in the 
multiple-frame-established or timer recovery state shall transmit a UA 
response with the F bit set to the same binary value as the P bit in the 
received DISC command. A DL-RELEASE-INDICATION primitive shall be passed to 
layer 3, and the TEI-assigned state shall be entered. 


If the originator of the DISC command receives either: 

Ps a UA response with the F bit set to 1; or 

— a DM response with the F bit set to 1, indicating that the 

peer data link layer entity is already in the TEl-assigned 
state, 
it shall enter the TEI-assigned state and reset timer T200. 

The data link layer entity which issued the DISC command is now in 
the TEI-assigned state and will notify layer 3 by means of the 
DL-RELEASE-CONFIRM primitive. The conditions relating to this state are defined 
in 8 5.524% 
5.5.3.3 Procedure on expiry of timer T200 


If timer T200 expires before a UA or DM response with the F bit set 
to 1 is received, the originator of the DISC command shall: 


Ss retransmit the DISC command as defined in 8 5.5.3.2; 

= restart timer T200; and 

a increment the retransmission counter. 

If the data link layer entity has not received the correct 
response as defined in 8 5.5.3.2, after N200 attempts to recover, the data link 
layer entity shall indicate this to the connection management entity by means 
of the MDL-ERROR-INDICATION primitive, enter the TEIl-assigned state and 
notify layer 3 by means of the DL-RELEASE-CONFIRM primitive. 
5254 TEl-assigned state 

While in the TEl-assigned state: 

= the receipt of a DISC command shall result in the 

transmission of a DM response with F bit set to the value of the 


received P bit; 


= on receipt of an SABME command, the procedures defined in 
$3 5.5.1 shall be followed; 
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as on receipt of an unsolicited DM response with the F bit set 
to 0, the data link layer entity shall, if it is able to, 
initiate the establishment procedures by the transmission of an 
SABME (see 8 5.5.1.2). Otherwise, the DM shall be ignored; 


= on receipt of UI commands, the procedures defined in 8 5.2 
shall be followed; and 


sas on receipt of any unsolicited UA response an 
MDL-ERROR-INDICATION primitive indicating a possible double 
assignment of a TEI value shall be issued; and 


= all other frame types shall be discarded. 
Des Collision of unnumbered commands and responses 
5.5.5.1 Identical transmitted and received commands 


If the transmitted and received unnumbered commands (SABME or 
DISC) are the same, the data link layer entities shall send the UA response at 
the earliest possible opportunity. The indicated state shall be entered after 
receiving the UA response. The data link layer entity shall notify layer 3 by 
means of the appropriate confirm primitive. 


5.5.5.2 Different transmitted and received commands 


If the transmitted and received unnumbered commands (SABME or 
DISC) are different, the data link layer entities shall issue a DM response at 
the earliest possible opportunity. Upon receipt of a DM response with the F bit 
set to 1, the data link layer shall enter the TEI-assigned state and notify 
layer 3 by means of the appropriate primitive. The entity receiving the DISC 
command will issue a DL-RELEASE-INDICATION primitive, while the other entity 
Will issue a DL-~RELEASE-CONFIRM primitive. 


55.0 Unsolicited DM response and SABME or DISC command 


When a DM response with the F bit set to 0 is received by a data 
link layer entity, a collision between a transmitted SABME or DISC command 
and the unsolicited DM response may have occurred. This is typically caused by 
a user equipment applying a protocol procedure according to X.25 LAPB L9] to 
ask for a mode-setting command. 


. In order to avoid misinterpretation of the DM response received, a 
data link layer entity shall always send its SABME or DISC command with the P 
bit. set to 71. 


A DM response with the F bit set to 0 colliding with an SABME or 
DISC command shall be ignored. 


5.6 Procedures for information transfer in multiple frame operation 


The procedures which apply to the transmission of I frames are 
defined below. 


Note —The term "transmission of an I frame" refers to the delivery 
of an I frame by the data link layer to the physical layer. 
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5.6.1 Transmitting I frames 


Information received by the data link layer entity from layer 3 by 
means of a DL-DATA-REQUEST primitive shall be transmitted in an I frame. The 
control field parameters N(S) and N(R) shall be assigned the values of 
v(S) and V(R), respectively. V(S) shall be incremented by 1 at the end of the 
transmission of the I frame. 


If timer T200 is not running at the time of transmission of an I 
frame, it shall be started. If time T200 expires, the procedures defined in 
8 5.6.7 shall be followed. 


If V(S) is equal to V(A) plus k (where k is the maximum number of 


outstanding I frames — see § 5.9.5), the data link layer entity shall not 
transmit any new I frames, but may retransmit an I frame as a result of the 
error recovery procedures as described in 88 5.6.4 and 5.6.7. 


When the network side or user side is in the own receiver busy 
condition, it may still transmit I frames, provided that a peer receiver 
busy condition does not exist. 


Note— Any DL-DATA-REQUEST primitives received whilst in the timer 
recovery condition shall be queued. 


OO Receiving I frames 

Independant of a timer recovery condition, when a data link layer 
entity is not in an own receiver busy condition and receives a valid I frame 
whose N(S) is equal to the current V(R), the data link layer entity 
Shall: 


= pass the information field of this frame to layer 3 using the 
DL-DATA-INDICATION primitive; 


= increment by 1 its V(R), and act as indicated below. 
5.6.2.1 P bit set to 1 


If the P bit of the received I frame was set to 1, the data link 
layer entity shall respond to its peer in one of the following ways: 


= if the data link layer entity receiving the I frame is still 
not in an own receiver busy condition, it shall send an 
RR response with the F bit set to 1; 


< if the data link layer entity receiving the I frame enters 


the own receiver busy condition upon receipt of the I frame, 
it shall send an RNR response with the F bit set to 1. 
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5.6.2.2 P bit set to 0 
If the P bit of the received I frame was set to 0 and: 


a) if the data link layer entity is still not in an own 
receiver busy condition: 


ie if no I frame is available for transmission or if an l 
frame is available for transmission but a peer receiver 
busy condition exists, the data link layer entity shall 
transmit an RR response with the F bit set to 0; or 


= if an 1 frame is available for transmission and no peer 
receiver busy condition exists, the data link layer entity 
shall transmit the I frame with the value of N(R) set to 
the current value of V(R) as defined in 8 5.6.1; or 


b) if, on receipt of this I frame, the data link layer entity 
is now in an own receiver busy condition, it shall transmit an 
RNR response with the F bit set to 0. 


When the data link layer entity is in an own receiver busy 
condition, it shall process any received 1 frame according to 3 5.050% 


53628 Sending and receiving acknowledgements 
5.6.3.1 Sending acknowledgements 


Whenever a data link layer entity transmits an I frame or a 
supervisory frame, N(R) shall be set equal to V(R). 


5.6.3.2 Receiving acknowledgements 


On receipt of a valid I frame or supervisory frame (RR, RNR, 
or REJ), even in the own receiver busy, or timer recovery conditions, the data 
link layer entity shall treat the N(R) contained in this frame as an 
acknowledgement for all the I frames it has transmitted with an N(S) up to atid 
including the received N(R) — 1. V(A) Shall be set to N(R). The data link 
layer entity shall reset the timer T200 on receipt of a valid I frame or 
supervisory frame with the N(R) higher than V(A) (actually acknowledging some I 
frames), or an REJ frame with an N(R) equal to V(A). 


Note 1-—I1f a supervisory frame with the P bit set to 1 has been 
transmitted and not acknowledged, timer T200 Shall not be reset. 


Note 2—Upon receipt of a valid I frame, timer T200 shall not be 
reset if the data link layer entity is in the peer receiver busy condition. 


If timer T200 has been reset by the receipt of an I, RR, or RNK frame, 
and if there are outstanding I frames still unacknowledged, the data link layer 
entity shall restart timer T200. If timer T200 then expires, the data link 
layer entity shall follow the recovery procedure as defined in 8 5.6.7 with 
respect to the unacknowledged I frames. 


If timer T200 has been reset by the receipt of an REJ frame, the data 
link layer entity shall follow the retransmission procedures in 8 5.6.4. 
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5.6.4 Receiving REJ frames 


On receipt of a valid REJ frame, the data link layer entity shall 


act as follows: 


a) 


bd) 


C} 


if it is not in the timer recovery condition: 


clear an existing peer receiver busy condition; 


set its V(S) and its V(A) to the value of the N(R) 
contained in the REJ frame control field; 


stop timer T200; 
start timer T203 if implemented; 


if it was an REJ command frame with the P bit set to 1, 
transmit an appropriate supervisory response frame (see 
Note 2, 8 5.6.5) with the F bit set to 1. 


transmit the corresponding I frame as soon as possible, 
as defined in 8 5.6.1, taking into account the items 1) 
to 3) below and the paragraph following items 1) to 3) 

and 


notify a protocol violation to the connection 

management entity by means of the MDL-ERROR-INDICATION 
primitive, if it was an REJ response frame with the F bit 
set to 1. 


if it is in the timer recovery condition and it was an REJd 
response frame with the F bit set to 1: 


if at 
frame 


clear an existing peer receiver busy condition; 


set its V(S) and its V(A) to the value N(R) contained 
in the REJ frame control field; 


stop timer T200; 

start timer T203 if implemented; 

enter the multiple-frame-established state; and 
transmit the corresponding I frame as soon as possible, 
as defined in 8 5.6.1, taking into account the items 1) 
to 3) below and the paragraph following items 1) to 3). 
is in the timer recovery condition and it was an REJ 
other than an REJ response frame with the F bit set to 


clear an existing peer receiver busy condition; 


set its V(A) to the value of the N(R) contained in the 
REJ frame control field; and 
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=, if it was an REJ command frame with the P bit set to 
1, transmit an appropriate supervisory response frame 
with the F bit set to 1 (see Note 2 in 8 5.6.5). 


Transmission of I frames shall take account of the 
following: 


13 if the data link layer entity is transmitting a supervisory 
frame when it receives the REJ frame, it shall complete that 
transmission before commencing transmission of the requested I 


frame; 


2) if the data link layer entity is transmitting an SABME 
command, a DISC command, a UA response or a DM response when it 
receives the REJ frame, it shall ignore the request for 
retransmission; and 


3) if the data link layer entity is not transmitting a frame 
when the REJ is received, it shall immediately commence 
transmission of the requested I frame. 


All outstanding unacknowledged I frames, commencing with the I 
frame identified in the received REJ frame, shall be transmitted. Other I 
frames not yet transmitted may be transmitted following the retransmitted I 
frames. 


5 Oe 5 Receiving RNR frames 


After receiving a valid RNR command or response, if the data link 
layer entity is not engaged in a mode-setting operation, it shall set a peer 
receiver busy condition and then: 


= if it was an RNR command with the P bit set to 1, it shall 
respond with an RR response with the F bit set to 1 if the 
data link layer entity is not in an own receiver busy condition, 
and shall respond with an RNR response with the F bit set to 1 
if the data link layer entity is in an own receiver busy 
condition; and 


= if it was an RNR response with the F bit set to 1, an 
existing timer recovery condition shall be cleared and the N(R) 
contained in this RNR response shall be used to update 
V(S). 


The data link layer entity shall take note of the peer receiver 
busy condition and not transmit any I frames to the peer which has indicated 


the busy condition. 


Note 1—The N(R) in any RR or RNR command frame (irrespective of 
the setting of the P bit) will not be used to update the V(S). 
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The data link layer entity shall then: 


= treat the N(R) contained in the received RNR frame as an 
acknowledgement for all the I frames that have been 
(re) transmitted with an N(S) up to and including N(R) minus 1, 
and set its V(A) to the value of the N(R) contained in the RNR 
frame; and 


= restart timer T200 unless a Supervisory response frame with 
the F bit set to 1 is still expected. 


If timer T200 expires, the data link layer entity shall: 


= if it is not yet in a timer recovery condition, enter the 
timer recovery condition and reset the retransmission count 
variable; or 


= if it is already in a timer recovery condition, add one to 
its retransmission count variable. 


The data link layer entity shall then: 


a) if the value of the retransmission count variable is less 
than N20o: 


=: transmit an appropriate supervisory command (see 
Note 2) with a P bit set to 1; 


ae restart timer T200; and 


b) if the value of the retransmission count variable is equal 
to N200, initiate a re-establishment procedure as defined in 
8 5.7, and indicate this by means of the MDL-~ERROR-INDICATION 
primitive to the connection management entity. 


The data link layer entity receiving the supervisory frame with 
the P bit set to 1 Shall respond, at the earliest opportunity, with a 
supervisory response frame (see Note 2) with the F bit set to 1, to indicate 
whether or not its own receiver busy condition still exists. | 


Upon receipt of the supervisory response with the F bit set to 1, 
the data link layer entity shall reset timer T200, and: 


its if the response is an RR or REJ response, the peer receiver 
busy condition is cleared and the data link layer entity may 
transmit new I frames or retransmit I frames as defined in 
$3 5.6.1 or 5.6.4, respectively; or 


= if the response is an RNR response, the data link layer 
entity receiving the response shall proceed according to this 
8 5.6.5, first paragraph. 
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If a supervisory command (RR, RNR, or REJ) with the P bit set to 
OQ or 1, or a supervisory response frame (RR, RNR, or REJ) with the F bit 
set to 0 is received during the enquiry process, the data link layer 
entity shall: 


= if the supervisory frame is an RR or REJ command frame or an 
RR or REJ response frame with the F bit set to 0, clear the 
peer receiver busy condition and if the supervisory frame 
received was a command with the P bit set to 1, transmit the 
appropriate supervisory response frame (see Note 2) with the F 
bit set to 1. However, the transmission or retransmission of 
I frames shall not be undertaken until the appropriate 
supervisory response frame with the F bit set to 1 1s 
received or until expiry of timer T200; or 


= if the supervisory frame is an KNK command frame or an RNR 
response frame with the F bit set to 0, retain the peer 
receiver busy condition and if the supervisory frame received 
was an RNR command with P bit set to 1, transmit the 
appropriate supervisory response frame (see Note 2) with the F 
bit set to 1. 


Upon receipt of an SABME command, the data link layer entity 
shall clear the peer receiver busy condition. 


Note 2-—I1f the data link layer entity is not in an own receiver 
busy condition and is in a Reject exception condition [that is, an N(S) 
sequence error has been received, and an REJ frame has been transmitted, but 
the requested I frame has not been received], the appropriate supervisory frame 
is the RR frame. 


If the data link layer entity is not in an own receiver busy condition but is 
in an N(S) sequence error exception condition [that is, an N(S) sequence error 
has been received but an REJ frame has not been transmitted], the appropriate 
Supervisory frame is the REJ frame. 


If the data link layer entity is in its own receiver busy condition, the 
appropriate supervisory frame is the RNR frame. 


Otherwise, the appropriate supervisory frame is the RR frame. 
sO Data link layer own receiver buSy condition 


| When the data link layer entity enters an own receiver busy 
condition, it shall transmit an RNR frame at the earliest opportunity. 


The RNR frame may be either: 
= an KNR response with the F bit set to 0; or 
= if this condition is entered on receiving a command frame 
with the P bit set to 1, an RNR response with the F bit set to 


1. Or 


if this condition is entered on expiry of timer T200, an RNR 
command with the P bit set to 1. 
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All received I frames with the P bit set to 0 shall be 
discarded, after updating V(A). 


All received supervisory frames with the P/F bit set to 0 shall be 
processed, including updating V(A). 


All received I frames with the P bit set to 1 shall be discarded, 
after updating V(A). However, an RNR response frame with the F bit set to 1 
shall be transmitted. 


All received supervisory frames with the P bit set to 1 Shall be 
processed including updating V(A). An RNR response with the F bit set to 1 
shall be transmitted. 


To indicate to the peer data link layer entity the clearance of the 
own receiver busy condition, the data link layer entity shall transmit an RR 
frame or, if a previously detected N(S) sequence error has not yet been 
reported, an REJ frame with the N(R) set to the current value of V(R). 


The transmission of an SABME command or a UA response (in reply to 
an SABME command) also indicates to the peer data link layer entity the 
clearance of the own receiver busy condition. 


546271 Waiting acknowledgement 


The data link layer entity shall maintain an internal 
retransmission count variable. 


If timer T200 expires, the data link layer entity shall: 


= if it is not yet in the timer recovery condition, enter the 
timer recovery condition and reset the retransmission count 
variable; or 


= if it is already in the timer recovery condition, add one to 
its retransmission count variable. 


The data link layer entity shall then: 


a) if the value of the retransmission count variable is less 
than N2O0O: 


= restart timer T200; and either 


ae transmit an appropriate supervisory command (see Note 2 
in 8 5.6.5) with the P bit set to 1; or 


— retransmit the last transmitted I frame [V(S) — 1] with 
the P bit set to 1; or 


b) if the value of the retransmission count variable is equal 
to N200, initiate a re-establishment procedure as defined in 
§ 5.7 and indicate this by means of the MDL~ERROR-INDICATION 
primitive to the connection management entity. 
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The timer recovery condition is cleared when the data link layer 
entity receives a valid supervisory frame response with the F bit set to ame Os 
the received supervisory frame N(R) is within the range from its current V(A) 
to its current V(S) inclusive, it shall set its V(S) to the value of the 
received N(R). Timer T200 shall be reset if the received supervisory frame 
response is an RR or REJ response, and then the data link layer entity shall 
resume with I frame transmission or retransmission, as appropriate. Timer T200 
shall be reset and restarted if the received supervisory response is an RNR 
response, to proceed with the enquiry process according to 35205 


ad Re-establishment of multiple frame operation 
Oe tet Criteria for re-establishment 


The criteria for re-establishing the multiple frame mode of 
operation are defined in this section by the following conditions: 


i the receipt, while in the multiple-frame mode of operation, 
of an SABME; 


the receipt of a DL-ESTABLISH-REQUEST primitive from layer 3 
(see 8 5.5.1.1); 


= the occurrence of N200 retransmission failures while in the 
timer recovery condition (see 8 5.6.7); 


= the occurrence of a frame rejection condition as 
identified in 8 5.8.5; 


a the receipt, while in the multiple-frame mode of operation, 
of an FRMR response frame (see 8 5.8.6); 


= the receipt, while in the multiple-frame mode of operation, 
of an unsolicited DM response with the F bit set to O 
(see 8 5.8.7); 


= the receipt, while in the timer-recovery condition, of a 
DM response with the F bit set to 1. 


ore ey Procedures 


In all re-establishment situations, the data link layer entity 
Shall follow the procedures defined in 8 5.5.1. All locally generated 
conditions for re-establishment will cause the transmission of the SABME. 


In the case of data link layer and peer initiated re-establishment, 
the data link layer entity shall also: 


= issue an MDL-ERROR-INDICATION primitive to the connection 
management entity; and 


= if V(S) > V(A) prior to re-establishment, issue a 
DL-ESTABLISH-INDICATION primitive to layer 3, and discard all I 
queues. 
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In case of layer 3 initiated re-establishment or if a 
DL-ESTABLISH-REQUEST primitive occurs pending re-establishment, the 
DL-ESTABLISH-CONFIRM primitive shall be used. 


Dis 8 Exception condition reporting and recovery 


Exception conditions may occur as the result of physical layer 
errors or data link layer procedural errors. 


The error recovery procedures which are available to effect recovery 
following the detection of an exception condition at the data link layer are 
defined in this section. 


The actions to be taken by the connection management entity on receipt 
of an MDL-ERROR-INDICATION primitive are defined in Appendix ate dite 


SeOe | N(S) sequence error 


An N(S) sequence error exception condition occurs in the receiver 
when a valid I frame is received which contains an N(S) value which is not 
equal to the V(R) at the receiver. The information field of all I frames whose 
N(S) does not equal V(R) shall be discarded. 


The receiver shall not acknowledge [nor increment its V(R)] the I 
frame causing the sequence error, nor any I frames which may follow, until an lI 
frame with the correct N(S) is received. 


A data link layer entity which receives one or more I frames having 
sequence errors but otherwise error-free, or subsequent supervisory frames (RR, 
RNR, and REJ), shall use the control field information contained in the N(R) 
field and the P or F bit to perform data link control functions; for example, 
to receive acknowledgement of previously transmitted I frames and to cause the 
data link layer entity to respond if the P bit is set to 1. Therefore, the 
retransmitted I frame may contain an N(R) field value and P bit that are 
updated from, and therefore different from, the ones contained in the 
originally transmitted 1 frame. 


The REJ frame is used by a receiving data link layer entity to 
initiate an exception condition recovery (retransmission) following the 
detection of an N(S) sequence error. 


Only one REJ exception condition for a given direction of information 
transfer shall be eStablished at a time. 


A data link layer entity receiving an REJ command or response shall 
initiate sequential transmission (retransmission) of I frames starting with the 
I frame indicated by the N(R) contained in the REJ frame. 


An REJ exception condition is cleared when the requested I frame is 
received or when an SABME or DISC command is received. 


An optional procedure for the retransmission of an REJ response frame 
is described in Appendix I. 
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5.8.2 N(R) sequence error 


An N(R) sequence error exception condition occurs in the 
transmitter when a valid supervisory frame or I frame is received which 
contains an invalid N(R) value. 


A valid N(R) is one that is in the range V(A) & N(R) § V(S). 


The information field contained in an I frame which is correct in 
sequence and format may be delivered to layer 3 by means of the 
DL-DATA-INDICATION primitive. 


The data link layer entity shall inform the connection management 
entity of this exception condition by means of the MDL-ERROR-INDICATION 
primitive, and initiate re-establishment according to § 5.7.2. 


DOS Timer recovery condition 


If a data link layer entity, due to a transmission error, does not 
receive a single I frame or the last lI frame(s) in a sequence of 1 frames, it 
will not detect an out-of-sequence exception condition and therefore 
will not transmit an REJ frame. 


The data link layer entity which transmitted the unacknowledged I 
frame(s) shall, on the expiry of timer T200, take appropriate recovery action 
as defined in 8 5.6.7 to determine at which I frame retransmission must 
begin. 


5.8.4 Invalid frame condition 


Any frame received which is invalid (as defined in 8 2.9) shall be 
discarded, and no action shall be taken as a result of that frame. 


52625 Frame rejection condition 


A frame rejection condition results from one of the conditions 
described in § 3.6.1 (third paragraph) or 8 3.6.11, items b, c and d. 


Upon occurrence of a frame rejection condition, the data link layer 
entity shall: 


= issue an MDL-ERROR-INDICATION primitive; and 

= initiate re-establishment (See 8 5.7.2). 
Note—For satisfactory operation it is essential that a receiver is able to 
discriminate between invalid frames, as defined in 8 2.9, and I frames with an 
I-field which exceeds the maximum established length [see d) of 8 3.6.11]. An 


unbounded frame may be assumed, and thus discarded, if two times the longest 
permissible frame plus two octets are received without a flag detection. 
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58.6 Receipt of an FRMR response frame 


Upon receipt of an FRMR response frame in the multiple-frame mode 
of operation, the data link layer entity Shall: 


a issue an MDL-ERROR-INDICATION primitive; and 
a initiate re-establishment (see 8 5.7.2). 
Sate | Unsolicited response frames 


The action to be taken on the receipt of an unsolicited response 
frame is defined in Table 9/Q.921. 


The data link layer entity shall assume possible multiple-TEI 
assignment on the receipt of an unsolicited UA response and shall inform layer 
management. 


TABLE 9/Q.921 


Actions taken on receipt of unsolicited response frames 


Multiple frame modes 
_of operation 


ee | | ee recovery 
—— | ee 


UA response MDL- Error MDL- Error MDL-Error 
nee ee ee eee ae 


UA — MDL- Error MDL-Error eee MDL-Error MODL-Error 
Indication Indication eee Indication Indication 
DM response Re-establish Re-establish 
F=0 Establish Ignore Ignore MDL-Error MDL-Error 
Indication Indication 
‘Supervisory Ignore Ignore I MDL-Error on 
Supervisory 
Response F = 0 Ignore Ignore Ignore Solicited Solicited 
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Release 
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TEI-assigned 
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Bs Oe0 Multiple assignment of a TEI value 


A data link layer entity Shall assume multiple assignment of a TEI 
value and initiate recovery as specified below by: 


a) the receipt of a UA response frame whilst in the 
multiple-frame-established state; 


b) the receipt of a UA response frame whilst in the timer 
recovery state; 


c) the receipt of a UA response frame whilst in the 
TEI-assigned state. 


A data link layer entity, after assuming multiple assignment of a 
TEI value shall inform the connection management entity by means of the 
MDL-ERROR-INDICATION primitive. 


oa List of system parameters 


The system parameters listed below are associated with each 
individual SAP. | 


A method of assigning these parameters is defined in 8 5.4. 


The term default implies that the value defined should be used in the 
absence of any assignment or negotiation of alternative values. 


oe Timer T200 


The default value for timer T200 at the end of which transmission 
of a frame may be initiated according to the procedures described in 8 5.6 
Shall be one second. 


Note 1—The proper operation of the procedure requires that timer 
T200 be greater than the maximum time between transmission of command frames 
and the reception of their corresponding response or acknowledgement frames. 


Note 2—When an implementation includes multiple terminals on the 
user Side together with a satellite connection in the transmission path, a 
value of T200 greater than 1 second may be necessary. A value of 2.5 seconds 
is suggested. 


5.9.2 Maximum number of retransmissions (N200) 


The maximum number of retransmissions of a frame (N200) is a system 
parameter. The default value of N200 shall be 3. 
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5.9.3 Maximum number of octets in an information field (N201) 


The maximum number of octets in an information field (N201) is a 
system parameter. (See also 8 2.5.) 


= For an SAP supporting signalling, the default value shall be 
260 octets. 


ee For SAPs supporting packet information, the default value 
shall be 260 octets. 


5194 Maximum number of transmissions of the TEI Identity request 
message (N202) 


The maximum number of transmissions of a TEI Identity request 
message (when the user requests a TEI1) is a system parameter. The default value 


of N202 shall be 3. 
oa es, Maximum number of outstanding I frames (k) 


The maximum number (k) of sequentially numbered 1 frames that may 
be outstanding (that is, unacknowledged) at any given time is a system 
parameter which shall not exceed 127, for extended (modulo 128) 
operation. 


tm For an SAP supporting basic access (16 kbit/s) Signalling, 
the default value shall be 1. 


= For an SAP supporting primary rate (64 kbit/s) signalling, 
the default value shall be 7. 


= For an SAP supporting basic access (16 kbit/s) packet 
information, the default value Shall be 3. 


= For an SAP supporting primary rate (64 kbit/s) packet 
information, the default value shall be 7. 


5.9.6 Timer T201 


The minimum time between retransmission of the TEI Identity check 
messages (T201) is a system parameter which shall be set to T200 seconds. 


orale | Timer T202 


The minimum time between the transmission of TEI Identity request 
messages is a system parameter (T202) which shall be set to 2 seconds. 


5.9.8 Timer T203 


Timer T203 represents the maximum time allowed without frames being 
exchanged. The default value of timer T203 shall be 10 seconds. 


93 





AMERICAN NATIONAL STANDARD T1T1.602-1989 


5.10 Data link layer monitor function 


en: Oar General 


The procedural elements defined in 8 5 allow for the supervision of 
the data link layer resource. This section describes procedures which may be 
used to provide this supervision function. The use of this function 1s 


optional. 


De Uae Data link layer supervision in the multiple-frame-established 
state 


The procedures specified herein propose a solution which is already 
identified in the HDLC classes of procedures. The connection verification 1s a 
service provided by data link layer to layer 3. This implies that layer 3 is 
informed in case of a failure only. Furthermore, the procedure may be 
incorporated in the "normal" exchange of information and may become more 
efficient than a procedure based on the involvement Of, Layer 5 


The procedure is based on supervisory command frames (RR command, 
RNR command) and timer T203, and operates in the multiple-frame-established 
State as follows. 


If there are no frames being exchanged on the data link connection 
(neither new nor outstanding I frames, nor supervisory frames with a P bit set 
to 1), there is no means to detect a faulty data link connection 
condition, or a user equipment having been unplugged. Timer T203 represents the 
maximum time allowed without frames being exchanged. 


If timer T203 expires, a supervisory command with a P bit set to 1 
is transmitted. Such a procedure is protected against transmission errors by 


making use of the normal timer T200 procedure including retransmission count 
and N200 attempts. 


Dee O46 Connection verification procedures 
§.10.3.1 Start timer T203 
The timer T203 is started: 
when the multiple-frame-established state 1s entered; and 


= - in the multiple-frame-established state whenever T200 is 
stopped. (See Note in 8 5.10.3.2.) 


Upon receiving an I or supervisory frame, timer T203 will be 
restarted if timer T200 is not to be started. 


§.10.3.2 Stop timer T203 
The timer T203 is stopped: 


= when, in the multiple-frame-established State, the timer 
T200 is started (see note); and 
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upon leaving the multiple-frame-established state. 


Note — These two conditions mean that timer T203 is only started 
whenever T200 is stopped and not restarted. 





5.10.3.3 Expiry of timer T203 


If timer T203 expires, the data link layer entity will act as 
follows (it should be noted that timer T200 is neither running nor 


expired): 
a) 
Db) 


Cc) 


d) 


e) 


set the retransmission count variable to 0; 
enter timer recovery state; 


transmit a supervisory command with the P bit set to 1 as 
follows: 


zig if there is not a receiver busy condition (own receiver 


not busy), transmit an RR command; or 


= if there is a receiver busy condition (own receiver 


busy), transmit an RNR command; and 
Start timer T200; and 


send MDL-ERROR-INDICATION primitive to connection management 
after N200 retransmissions. 
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ANNEX A 
(to Recommendation Q.921) 
Provision of point-to-point signalling connections 
In certain applications it may be advantageous to have a 
single point-to-point signalling connection at layer 3; the allocation of the 
value 0 as a preferred TEI for that purpose is a network option. Use of the 


value O in such applications does not preclude using that value in other 
applications or networks. 
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ANNEX B 
(to Recommendation Q.921) 


SDL for point-to-point procedures 


B.1 General 


The purpose of this annex is to provide one example of an SDL 
representation of the point-to-point procedures of the data link layer, to 
assist in the understanding of this Recommendation. This representation does 
not describe all of the possible actions of the data link layer entity, as a 
non-partitioned representation was selected in order to minimize its 
complexity. The SDL representation does not therefore constrain implementations 
from exploiting the full scope of the procedures as presented within the text 
of this Recommendation. The text description of the procedures is definitive. 


The representation is a peer-to-peer model of the point-to-point 
procedures of the data link layer and is applicable to the data link layer 
entities at both the user and network sides for-all ranges of TEI values. See 
Figure B-1/Q.921. 


Service user Service user 
(user side) (network side) 


Management 


Management Point—to- Peer-to-peer Point-to- 
point connection point 
procedures procedures 





CCITT-—91000 
FIGURE B-1/0.921 


Peer-to-peer model of the point-to-point procedures 





B.2 An overview of the states of the point-to-point data link 
layer entity 





The SDL representation of the point-to-point procedures are based 
on an expansion of the three basic states identified in 8 3.4.2/Q.920 to the 
following 8 states: 


State 1 TEI unassigned 

State 2 Assign awaiting TEI 
State 3 Establish awaiting TEI 
State 4 TEI assigned 
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State 5 Awaiting establishment 
State 6 Awaiting release 

State 7 Multiple frame established 
State 8 Timer recovery 


An overview of the inter-relationship of these states is provided 
in Figure B-2/Q.921. This overview is incomplete, and serves only as an 
introduction to the SDL representation. All data link layer entities are 
conceptually initiated in the TEI unassigned state (state 1), and will 
interact with the layer management in order to request a TEI value. TEI 
assignment initiated by a Unit data request will cause the data link layer 
entity to move to the TEI assigned state (state 4) via the assign awaiting 
TEI state (state 2). Initiation by an Establishment request will cause a 
transition to the awaiting establishment state (state 5) via the establish 
awaiting TEI state (state 3). Direct TEI assignment will cause an immediate 
transition to the TEI assigned state (state 4). In states 4-8, Unit data 
requests can be directly serviced by the data link layer entity. The receipt of 
an Establish request in the TEI assigned state (state 4) will cause the 
initiation of the establishment procedures and the transition to the awaiting 
establishment state (state 5). Completion of the LAP establishment procedures 
takes the data link layer entity into the multiple frame established state 
(state 7). Peer initiated establishment causes a direct transition from the 
TEI assigned state (state 4) to the multiple frame established state 
Cstate 7). lm the multiple frame established state (state 7), Acknowledged 
data transfer requests can be serviced directly subject to the restrictions of 
the procedures. Expiry of timer T200, which is used in both the flow control 
and data transfer aspects of the data link layer entity's procedures initiates 
the transition to the timer recovery state (state 8). Completion of the timer 
recovery procedures will return the data link layer entity to the multiple 
frame established state (state 7). In states 7 and 8, of the SDL 
representation the following conditions which are identified within the 
Recommendation are observed: 


a) peer receiver busy 
b) reject exception 
Cc) own receiver busy. 


In addition other conditions are used in order to avoid 
identification of additional states. The complete combination of both of these 
categories of conditions with the 8 states of the SDL representation is the 
basis for the state transition table description of the data link layer entity. 
A peer initiated LAP release will take the data link layer entity directly into 
the TEI assigned state (state 4), whilst a Release request will be via the 
awaiting release state (state 6). TEI removal will cause a transition to the 
TEI unassigned state (state 1). 
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FIGURE B-2/Q.921 


An overview of the states of the point-to-point procedures 
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Bes Cover notes 


The following symbols and abbreviations are used within this 
description. A full description of the symbols and their meaning and 
application. can be found in the Series Z Recommendations (Fascicles V1.10 


and V1i.11). 


a) State 


Signal reception 
b 


Signal generation 


Cc) 


Save a signal (until completion of a transition 
to a new state) 


d) 


e) Process description 


Test 


g) Procedure call 


~ 


h) Implementation option 


i) Procedure definition 


> ObPOOUQUEL 


j) HR To mark an event or signal required as a result of the 
representation approach adopted, which is local to the 
data link layer entity 


k) | RC Retransmission counter 


1) (A-O) The codes used in the MDL-ERROR-INDICATION signals are defined in 
TABLE II-1/Q.921 in Appendix II. When multiple codes are shown, only 
one applies. 


B.4 The use of queues 


To enable a satisfactory representation of the data link layer 
entity, conceptual queues for the UI frame and I frame transmission 
have been explicitly brought out. These conceptual queues are finite but 
unbounded and should in no way restrict the implementation of the 
point-to-point procedures. Two additional signals have been provided in order 
to cause the servicing of these queues to be initiated — UI frame queued 
up and I frame queued up. 
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B.5 SDL representation 
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KEX 


UI FRAME 
QUEUED UP | Note 3 


2 
ASSIGN 
AWAITING 
TEI 





T1101230-86 
Note 1: The use of these events on the network side is for further study. 
Note 2: - This function may be implemented over a geographically distributed architecture 


- This primitive may occur on initialization for fixed TEIs at the network side. or 
a] 


as appropriate in order to correctly process a frame carrying a fixed TEL. 


Note 3: Processing of UI frame queued up is described in Figure B-9/Q.921 


FIGURE B-3/Q.921 (1 of 3) 
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Processing of UI frame queued wp is described in Figure B-9/Q.921 
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Note: Processing of UI frame queued up is described in Figure B-9/Q.921 


102 


FIGURE B-3/Q.921 (3 of 3) 


ANNEX 


4 
TEI 
ASSIGNED 






DL 


MDL 


DL-RELEASE REMOVE 


REQUEST 


REQUEST 


ESTABLISH DL-RELEASE DISCARD DISCARD FeP 
ptt CONFIRM UI QUEUE UI QUEUE 








SET 4 1 4 
LAYER 3 TEI! TE] TE] 
INITIATED ASSIGNED UNASSIGNED ASSIGNED 





No ABLE TO oni 
STABLIS ASSIGNED 


TE! EXCEPTION 
ASSIGNED CONDITIONS 

















DL 
ESTABLISH 
NDICATION 


STOP T200 
START T203 





1130126)-86 


FIGURE B-4/Q.921 (1 of 2) 
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NOTE - Only possible in cases of Layer 2 initiated reestablishment. 


FIGURE B-5/Q.921 (1 of 3) 
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FIGURE B-6/Q.921 (2 of 2) 
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Note - These signals are generated outside of this SDL representation, and 
may be generated by the connection management entity. 


FIGURE B-7/Q.921 (4 of 10) 


113 


ANNEX 


CLEAR PEER 






RECEIVER RECEIVER 
BUSY 
N No 
Oo COMMAND 



















COMMAND 
‘ Yes 
Yes Y es 
IpDL-ERROR (IDL-ERROR 
INDICATION INDICATION 
{A) (A) 
Yes 
NQUIRY 
RESPONSE RESPONSE 
{ 


T1101370-86 








a 


FIGURE B-7/Q.921 (5 of 10) 


114 


ANNEX 


V(A) No N (A 
< N(R) & «& N(R) « 

V(S) V(S 
Yes Yes 


eee V(A) = NIR) 






STOP T200 


3) 
AWAITING 
STABLISHME START T203 


No 
INVOKE 
V(A)=N(R) RE- 
RANSMISSIO 
RESTART T200 


V(A)=N(R) 









STOP T200 
RESTART T2603 








T1101380-86 


FIGURE B-7/Q.921 (6 of 10) 


115 


ANNEX 













SET PEER 
RECEIVER 
BUSY 


DL-ERROR 
INDICATION 





No ESTABLISH 
COMMAND DATA LINK 






INDICATION 
(A) 





ENQUIRY 


RESPONSE 





No 


T1101390-86 


NEETEC? 


STOP T203 


RESTART T200 





FIGURE B-7/Q.921 (7 of 10) 


116 





7 
MULTIPLE 
FRAME 
STABLISHED 


I 









DISCARD 


V(R) = V(R)+1 INFORMATION 







CLEAR REJECT 
EXCEPTION 







DL-DATA 
INDICATION 






SET 
REJECT 
EXCEPTION 


ACKNOWLEDGE 
PENDING 








SET 
ACKNOWLEDGE 
PENDING 






9 


DISCARD 


INFORMATION 





No 


CLEAR 


ACKNOWLEDGE 
PENDING 





T1101400-86 


NOTE 1 --Processing of acknowledge pending is described on sheet 10 of this Figure B-7/Q.921. 


NOTE 2 <This SDL representation does not include the optional procedure in Appendix I. 
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NOTE - These signals are generated outside of this SDL representation, and may be 
generated by the connection management entity. 
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- . NOTE 1 - Processing of Acknowledge Pending is described on sheet 9 of this figure B-8/Q.921. 
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NOTE 1 - The relevant states are as follows: 
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NOTE 2 - The data link layer returns to the state it was in 
prior to the events shown. 
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NOTE - The generation of the correct number of signals in order to cause the required 
retransmission of I frames does not alter their sequence integrity. 
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ANNEX D 
(to Recommendation Q.921) 


State transition table of the point-to-point procedures 
of the data link layer 


D.1 The state transition table presented in Tables D-1/Q.921 to 
D-3/Q.921 is based on the eight basic states (see 8 B.2) recognized in the 
SDL representation and the related transmitter and receiver conditions. 

The state transition table relinquishes to any partitioning of the 
procedures. It is conceptual and does not prevent a designer from partitioning 
in his implementation. Moreover, all the processes related to primitive 
procedures, the management of queues and the exchange of information between 
adjacent layers are conceptual, not visible from outside of the system and 
would not impose any constraints on the implementation. 

The eight basic states apply to both the transmitter and the 
receiver within one data link layer entity. However, some of the conditions are 
confined to the transmitter (e.g. "peer receiver busy"), whilst some are 
confined to the receiver (e.g. "REJ recovery"). This implies, if the concept of 
non-partitioning is adopted, that each transmitter condition has to be combined 
with each receiver condition resulting in composite states. This state 
transition table comprises 24 composite states representing the 8 basic states 
and the related combinations of transmitter and receiver conditions. 

Events are defined as follows: 

a) primitives; 

b) repertoire of frames to be received; 

= unnumbered frames (SABME, DISC, UA, DM, UI, FRMR) 
= supervisory frames (RR, REJ, RNR) 


_ information frame (1); 


c) internal events (Servicing of queues, expiry of timers, 
receiver busy condition). 


The actions to be taken when an event occurs whilst in a specific 
State comprise: 


i) transition to another state 

ii) peer-to-peer frame to be transmitted 
iii) primitives to be issued 

iv) timer actions 


Vv) retry counters 
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ANNEX 
vi) state variables 
vii) P/F bit setting 


viii) discarding contents of queues. 





Key to the state transition table 
1 Definition of a cell of the state transition table 
ACTICNS YX detines the transition to the next state 
EVENT — 2 = ; 
X emptu indicates “remain in the current stste 
2 Key to the contents of a cell 


| Impossible by the definition of the data link layer service. 


/ Impossible by the definition of the peer-to-peer data link 
procedures. 


= No action, no state change. 


V(S)=VCA)=N(R) Collective term for the two actions V(S)=N(R) and 
V(A)=N(R). 

Timer T200 Start timer T200 if not already running. 

TX ACK The acknowledgement of the received I frame may be conveyed 


by an I frame associated with the information flow in the 
opposite direction or a supervisory response frame, as 
appropriate. 


MDLSGARD" Indicates the discarding of the information contained in 
the information field of the I frame. 


CRO) The codes used in MDL-ERROR-INDICATION signals are defined 


in Table I1I-1/Q.921 in Appendix II. When multiple codes are 
shown, only one applies. 
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The action 





Note—In general, this state transition table does not prevent 
g N(R) to acknowledge more than one I frame. 





an implementation from usin 
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TABLE D-1/Q.921 (1 of 10) 





State transition table: receiving primitive o 
Zz 
SO sSSuee ce eS a DS EE A RC . ces rae mam anit © Om Ont on ae On whee 28 Heh SN A on a lh tn cenrtnan Wh shen ot bet ere aren Sb De OR OS OE SE SE OT OO GR Ee OE OE 2 Ee Oh we Oe OE OE Sr Ln OR oe Se mm On on oe wD he oo ree ee ea) 
BASIC STATE TEI ASSIGN ESTABLISH TE! AWAITING AWAITING - 
UNASSIGNED AWAITING AWAITING ASSIGNED ESTABLISHMENT RELEASE 
TEI TEL 
TRANSMITTER CONDITION Establish Re-astablish Pending release 
OP daly CD A WD OAD AD Mh Oh Oe ED ea LD A ah wh AID ln AUD tte Wb ay ee 0 OB ae nf AD OE OD OR OD OD OO ce OD OD ED Om Ob Om OD ae ad ab Ob am OD OD ED 48 om On we On on OO oO om at ohne a on oe an ow de 0 06 as on oe Oe O80 ot 0 AP at ah ae am ane Om at Ee OD om OD oD OO 2 at 8 OD OO OO OS am om OO ee em ae oe on > Om ow oe st Ot ot ot ou oe te om mow - me ee Note AO ee ote me ee ee Oe ee ee ee wee wtb me oe te re 
RECEIVER CONDITION S 
Gee eames Mee th ees em ied On ob PE sree ee Mm A eee ere AS ape 1 eee ae 8 o a aes Sr Gas oh eet on EIR 2 ee eR p = on a ad ears out 22 BOOS 6 28 A oe EE os om oe OG 2 5 oe oe we oe om OE 8 ok ee oS 
STATE NUMBER 2 3 4 5.0 5.1 5.2 6 
PO RAL TC ARDS) LE A CO RTT wth MAREE ae Te - 20 4 oe Eee Meee noe ee ee ee SOG 2 SECTS ath OR Eee eee Ae On RO OE ee om OE fat WENN Oh OE Ot oe Eee KR nt oeee oe Oe Pe A OS Se CT ANS AO SE ee oe Os CAS ee Oe Ok 
RC=0 
1 TX SABME P={ I O1ISC. I QUEUE I I 
DL-ESTABLISH=REQUEST START 17200 
3 5.0 5.0 





DL~ RELEASE- REQUEST 
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DISC. UI QUEUE 
STOP T200 


DL-REL~IND 
DIsc. I and UTI 


QUEUES 
STOP T200 


DL~-REL-CONF 
DISC. I and UI 


QUEVES 
STOP T200 





















MDL-EIUWR~RESPONSE 





DL-REL-INN NL-REL-IND O1.- REL-CONF 
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Note - The transmitter condition “pending release” may occur only fn causes 


of layer 2 initiated re-establishment. 
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State transition table: receiving unnumbered frame with correct format 


SS GAR AP AT OCR NES STN EE BS wate 22 aban wee ee ; a2 obs e—- eae ae SN ae at ey en Tt ee Yd foo ASP Eh OO A OE OT SAE we on om 


BASIC STATE TEI ASSIGN ESTABLISH TEI AWAITING AWAITING 
UNASSIGNED AWALTING AWAITING ASSIGNED ESTABLISINUMENT RELEASE 
TRI TEI 
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State transition table: receiving FRMR unnumbered frame with correct format 
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ee ee ee es Se 


RECELVER CONDITION 


RLS PVBVlSs SASSO OKP SRA AAAs wt eH 


a OD ot Ob 4D on Ob Ot Oe oe om ot oh 


STATE NUMBER 1 2 
evT-T TPT PTTL LTP eee eS Ee PE Pe ee ye ey ee 
RR command p= { / / 


RR command PQ 


RR response F#*0 
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State transition table: receiving RR supervisory frame with correct format 
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State transition table: receiving REJ supervisory frame with correct format 
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State transition table: Receiving RNR supervisory frame with correct format 


OD Oh A.D GD OR OR AR ee OD OD 20 2 0 2 2 208 ewes 6 288 et EE see Oe SSS GOES op ena ae my ahem oe Ob Ob OE we 





aa BBM Oe ee A ee Eee ET 22 me £3 CT we 8 = Oe oe Oh ee Oe 
BASIC STATE TEI ASSIGN ESTABLISH TE! AWAITING AWAITING 
UNASSIGNED AWAITING AWAITING ASSIGNED ESTABLISHMENT RELEASE 
TEI TE! 
TRANSMITTER CONDITION Establish Re-establish Pending release 
RECEIVER CONDITION 
ne we Be £9 eA eee ee CS OD SS TE GO ROR Ge AM TEENS Bee MY RE RT en OD GE TE OE OD oe hh NE Oe eh Bee oe SP 2 28 ST UEOE Bb SU VEAR. ES OF ES 58 OE G2 os oh OR OS Oe ee OP OS he eee oe 1 OP 8 et OA RANE RRR eA 22 ee ee ee ee 
STATE NUMBER 1 2 3 4 5.0 5.1 5.2 6 
PGR ch 0 92 Re US OR TO aD Ce Ee WS e EE ee Oh ee ee a ee amary ee Oe come 28 ee he OG te an ee ee a Sere ee ee ee 2 Owe eee 2 ee eee 2 oars name < 20 SSeS we 3S ay EOD ee we Te 8 x am Of me 20 On Re ee 2 ek 
RNR command p= / / / - - - - = 


pene Fe Ee et 
em | ef Fee 
pew fp Pp 


Ivl 





XANNV 


Il cormand Pp=0 
i(s) @ VCR) 


V(Ay ner) v(S) 





TABLE D-1/Q.921 (7 of 10) 


ry 
tS > att ‘ awe ° ‘ : 
ne State transition table: receiving | command frame with correct format acknowledging all outstanding 
] frames or containing an N(R) which satisfies V(A) < N(R) < V(S) 
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State transition table: receiving [ command frame with correct format containing an N(R) 
which satisfies V(A) = N(R) < V(S), or an N(R) error 
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TEI TE! 
TRANSMITTER CONDITION Establish Re-establish Pending release 
RECEIVER CONDITION 
OR. Sw Canes cy Od Ooh ee Ot OE en OE oe Oe et a 2 ie 2 ee eee oe at Se 2 Oe Oe eee OO 8 OP We Be 2 2 3a on CD on Oe os OP 8 ee SE one Se aE os on eyewear eee 2 Geese west 26.00 me 2. 2 ee ee Te ee 2 92 te Pe oe Oh ee 
STATE NUMBER 1 2 3 4 5.0 5.1 5.2 6 
ee 0. GR ws 20 bb ane ee eran on ree oh Oe: 02 shee 2 On oe ee ee ree TOT 2 08 of EUR ete arse oe en 2 en ebabet mere we Oo See on on ok ne ee ee 2 SS oe sere OO  E Oe ee 
I command p= | 
N(S) @ V(R) / / = = - - - 
V(A)aN(R)4V(S) 


I command pad 
N(S) = V(R) 
V(A)eN(R)<v(S) 


I coamand p= 1 
N(S) # V(R) 
VCA)@N(R)<v(8) 


I command P=( 
N(S) # V(R) 
V(A) en (R) AVS) 


IY command 
N(S) # V(R) 
N(R) error 


I command 
N(S) @ V(R) 
N(R) error 


I command 
N(S) # V(R) 
N(R) error 


I command 
N(S) g& V(R) 
N(R) error 





eri 


XANNV 
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TABLE D-1/Q.921 (9 of 10) 


State transition table: Internal events (expiry of timers, receiver busy condition) 


50 £2 FS DE a WD 8 eb EE AN EE RSE OO OR £8 OE Ok OE Ok ee 2VPVVAl KARAS Sew ete RAMAN eRe 2B 28 on 0 2 Oe en a 2 OO 0 Gs OR FEE ONFO SEER BD OP VE OR OG EE om Oe EE Oe Oe OP GE Se CS OE ER AS EE ER GF TN. 28 CEOS TR OP OD SS BE OR OE Ge OP OS 8 EE OD OD 2k Pee 98 Ee GE OD OO on Ot OS Oe Es 8 ee 
BASIC STATE TE! ASSIGN ESTABLISH TEI AWAITING AWAITING 
UNASSIGNED AWAITING AWAITING ASSIGNED ESTABLISHMENT RELEASE 
TEL TEL 


ae Ah Sh Gh SD OD CH UD CD AD 4D Ub ED OD BD Ud OD ED EP Gb OD 08 OD OR on Sm OD aD Hb OD Ob OD ow OO 6D Ob On om om Ob ep Ob aD an ty OD ab =e an OD oD on oh Oe om th Cb uD me HD Oh an Mb an Ott ate Ob om an OE 


TRANSMITTER CONDITION 


Se OD te SD OD GD ED ED GD UD OD OD OD Om ED OD OO OD Oh we 4&8 00 dO ow 8 MeBhaenmewee waana O00 a> Ob am ae om ae om om o® OR a Om om ow 


RECEIVER CONDITION 


22 TD GB OE WD OS M8 OF OE OS A 2 Os i r 20.90 ab. eh 68 Ren OE See eee 08. Oe Oe ee ea BO 2 me oe oe ee oe ee eee 


<> > om oe wt om Om ®t OP > 0 





STATE NUMBER 1 2 3 5.2 6 
$e CRE Se ae AD OLED SE OD SE OS EE OE OE A 1S OE FS OE OE OS OE oh GS OO Ee oe ~ a helt heh ee = te Sree es 2: om 68 oh Oe oF Eee og £8 OO HG 2 on oe 
| 
t 
RC#RC+ 1 { RC=#RC+1 
200 TIME-OUT Vs / / J TX SABME P=1 TX DISC Pe} 
RC <n200 START 1200 START T200 






DISsc I QUEUE DISC I QUEUE 
T200 TIME-OUT DL=~ REL-~IND DL~ REL- IND DL- REL-CONP DL- REL-~CONP 


RC = N200 


MDL-ERR-IND(G) MDL~ERR-IND(G) MDL-ERR-IND(G) MDL-ERR-IND(H) 
4 4 4 4 


wee  f £ ak Fe | e | eb we tie fg 
SET 7 7 / 7 / 7 7 ar. 
OWN RECEIVER BUSY (Note) 

CLEAR / / / / / / / / 

OWN RECEIVER BUSY (Note) 


Note — These signals are gencrated outside the procedures specified in this state transition table, 
and may be generated by the connection management entity. 
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TABLE D-1/Q.921 (10 of 10) 


State transition table: Receiving frame with incorrect format or frame not implemented 











Sess RRS Ri eee RK RRS VMS Se| HSS SASS SRS SH SS ISIS RRS TSB SRS SSS SSK TASS VK SS SS SVS KARAM S HAV ese Hr Ast AI IAAT Bs VSS es SAAA Se HK AVANT es Sts see sree st tees ema cee 
BholCc STATE TEL ASSIGN ESTABLISH TEL AWAITING AWALTING 
UNASSIGNED AWAITING AWALTING ASSIGNED ESTABLISHMENT RELEASE 
TEL TEI 
THANSMITLER CONDITION Establish Re-establish Pending release 
RECELVER CONDITION 
Matai Issam eee ee PASSA SSS SSS SSS eA SA SSeS SSeS eee SS eee eee Soe Hoe Sa IIs ses fe Se eS ese ae es 
STATE NUMBER 1 2 3 4 5.2 6 
anger ano enn gn ee Se Sk oF be Oe 22 See SSS VSS VS SKS Shee Se sr se SVS SV SV SVMS SSS sj srs Se SS ss SS ben SB Fb - ome £— 2 - 5-5 ~ oem) Sh eS SS STL SSS SSS SS ea ee ets eee 


SAUME incorrect length / / / MDL-ERR~IND(N) 









DISC incorrect length 







UA incorrect length 


| 
| 
| 
| 
-~--4—-— [_—- — — 














DM incorrect length 


FRAR incorrect length 







Supurvisory fraine 
RR, RET, RNR 
incorrect length 









NeOl error 











Undefined 
command 
and response frames 


eile erases, ernenittaenA fOr cael art SETTLE, Et RRR Mdm perenne cote um ae—enncimons © seats vue tennit —amemeentm —ahewry ASEAN SOARES SI 


MOL-ERR=-IND(L) 


















1 
MDL-ERR-IND(M); 


I field not 
permitted 









oF I 


ag ee Se ee ee Ed oe 


BASIC STATE 


TRANSMITTER CONDITION 


RECEIVER CONDITION 


Bate 22 OMAN DsWSASARBABARASBS SH 


STATE ItwUMBER 


DL-ESTABLISH-REQUEST 


DL-RELEASE-REQUEST 


OL~DATA- REQUEST 





I FRAME IN QUEUE 


V(S)4V(A) +k 


I FRAME IN QUEUE 
V(S)=V(A) +k 


DOL-UNIT DATA-REQUEST 


TABLE D-2/Q.921 (1 of 10) 


State transition table: receiving primitive 


0S 8 8 8 0 8 OE 68 08 8 ES 8 08 8 OF 8 Oe Oe OO 0820 98 A RD OE EA OS TD GD GE OE S8OD OD OD et SE OE OD ON ES OE OS SO OE Gt wR ME OB OS SO OE MD OS OE BD GD Om SP 3S SE CD AD BO OR OS OD ON OS OE OD GR SS A we Oe Oe me OD OO we aE OO 28 Oe Oe es OE. AEE 


MULTIPLE FRAME ESTABLISHED 


re ee ee . ae oe 08 on oe OR oe oe 20 ot ot Oe mn oe ee 







HORMAL NORMAL NORMAL NORMAL PEER REC. BUSY PEER REC. BUSY PEER REC. BUSY PELH REC. BUSY 
NORMAL REJ RECOVERY OWN REC. BUSY | REJ and own REC busy NORMAL REJ RECOVERY OWN REC. BUSY REJ and own REC busy 


BSBaRBeOa Rane naae OS wR ETB REAMBVWBeEABBAAVs FIC AA eA AAT AL ana eMswRs 


7.0 7.1 


22 Kae 2ASsweeaeMnma 4) et oe he EAB BSR SARs SEARS RVBBRAS we Bee 


7.2 7.3 7.4 7.5 7.6 7.7 


O22) OO OS re ee Re OB IR S223 4arrtanstase2 as 


| f 


i ordre 2 mt 28 ee SAA AS OR SE oe See ee ee On oR ee OS ee 28 oR 2 oe OR ee BO oe 2 ee on Oe 8 a ee ee 


pisc 1 queue | \ 

kC#=0 | 

™ same pat | 

STOP 1203 | 

RESTART T200 | 

$.0 | 
| 


prsc 
RCO 
Tx DISC Pei 
STOP T203 

RESTART 1200 


I QUEUE 





DATA INTO 

I QUEUE 

TX I P=0 
v(S)ev(S)+1 
STOP T203 
TIMER T200 
LEAVE I FRAME 
IN QUEUE 





LEAVE [ FRAME 
IN QUEUE 








TX UI P=0 | 


So i a ee So 


MDL-REMOVE- REQUEST 


MOL-ERROR=RESPONSE. 


PERSISTENT DEACTIVATION 





DL-REL- IND 

DISC. I and un! 

QUEUES | 

STOP ‘f200 

STOP 7203 
1 


DL-REL-IND | 
O1sc I and UI | | | 
QUEUES l { 
S'rOP T1200 | 
sTor 7203 | 

4 
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TABLE D-2/Q.921 (2 of 10) 


State transition table: receiving unnumbered frame with correct format 


RERUNS RSBSTRSBRSAL*BSBWIASVAAAUsSIS mM: ele ee Reale tie lea hetete tein tel Fk ttt Ft te eh Pe) YT Pe OY Oo eee ey Ty TY yy YY Py yy ce cre Cy TET TT TP TT EET TCeTYTELtYYTY eS BSr2 Semmes 


BASIC SfATE 
MULTIPLE FRAME ESTABLISHED 


Geb Gin ae OM diy OE ED AD UD td Ob OP GD OD OD OO OD WD ED OR Ot Ob Oe ts OS Oe od SOD Ob OP Oh OF we ah OD ee we oe ont ot te 0 OD te OO me ot te os ow on om om oe te aD teh On em ale ath ie dm ote od on ah oh ae om 


TRANSMITTER CONDITION NORMA, NORMAL NORMAL 


Oo Oe we 8 WOOD DRHOBHUEBDHMR aA Denman eE <> om ee Oe oe ow ot at oe we we On om ot on 2 Ob ae oe Oe ae me we ee ee ee a > an hn ee OD te ow ah ah OD om ab om 


RECEIVER CONDITION NORMAL REJ !ECOVERY OWN REC. BUSY REJ and own REC busy NORMAL REJ RECOVERY OWN REC. BUSY REJ and own REC busy 


° 
Py eee Pry PY ey ee ee Tt SR 58 mo as 88 25: oh One Oe oe es 2s OR SD Oe ee > 90. on. O86 Ob cereee 2S O8 eee 2 eo a ee 2 eee 12 OS 2. 507e see ee 







eo OD ee OD OD Olt ee em ED Ob A ED ED OS Ae GD GD GP ae GF EP om) ER ap OD EES OD ED OF at AD OY 6@ UF om Ge AE OD as OP oD 8 oe OF we oe a 


NORMAL PEER REC. BUSY PEER REC. BUSY 







PEER REC. BUSY PEER REC. BUSY 


SEO ee We ke a ee oe 0 28 SM 1s 2 = A OO et Oe 81 





STATE NUMBER 7.0 7d 7.2 7.3 7.4 7.5 7.6 7.7 
Sur Be Bn eases ee anunntwanwte ene SBR ee Sweets 3 TD WES Ot OD 08. wn.28 Pere oe ee SQeruae seaman 08 GA AEE OF OE OE 88.08.68 00.28 Ab OS ob ORR OPER OS OD 0S Thee Ee 1S Sie OE 8 28 UR Ge tee SEU SER GS OS Oh 28 O88 2 28 8 cS od OS EE ek OS 2s 8 2 On en 

MDL-ERR-IND(F) | MDL-ERR-IND(P) | ’ | l 

SADME Pt V(S,R,A)=0 V(S,R,A)=0 

v(s) = V(A) TX UA FH} TX UA 1 | | | 
STOP 7200 STOP T200 | 
START T203 START 1203 | l | | | 

7.0 | 












DL-~EST-IND 
MDL-ERR-IND(F) 
DISC I QUEVE 


DL-EST-IND 
NDEs PERS THOLED 3 
DISC I QUEUE 


































{ 
SANME Pi V(S,R,A)=0 V(8,R,A)=0 | 
v(S) #V(A) TX UA 1 TX UA rt | | l | 
STOP 1200 STOP T200 | | 
START 1203 START 7203 | | 
7.0 
HOL-ERR-INO(F) | MDL-ERN-IND(F) | ; = 
SANME P=0 v(S,R,A)=0 V(S,R,A)=0 
V(S) @ V(A) TX UA FO TX UA 0 | | { | 
STOP 7200 STOP 7200 | | 
START 7203 START 1203 | { | | 
7.0 





DL~EST-IND 
MDL-ERR-INO( FP) 
DIsc. I QUEUE 


DL-EST-IND , 
MDL~ERR-IND(F) | 
DISC: 1 QUEUE | 
































V(s) # V(A) TX UA FPO TX UA P=0 | 
STOP T200 STOP T200 | 





START T203 START T203 









DL-REL-IND 


DISC 1 QUEUE | | 
p1sc P=! TX UA Fel l | 
STOP T200, 7203! | 
4 | 
DL-REL-IND ' | | 
DISC 1 QUEUE , | | | 
DISC P=0 TX UA Peo | 
STOP T200, 7203, | | | 
4 


XAINNV 


8h I 


BASIC STATE 


8 Re Ob Oe OP Bt at 4 OD ED OD OD OD Ot OD oD OD OO Ob a OD a 


TRANSMITTER CONDITION 


2 Oh om a Om OD oh ot» OP at on ee te OD OD Ob E> GD a> OD OB oD wb Gb oe 


RECEIVER CONDITION 


STATE NUMBER 


UA Fe | 
UA F=0 
DM F={ 
DM F=0 


UX coamand 
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TABLE D-2/Q.921 (2 of 10 contd) 


State transition table: receiving unnumbered frame with correct format 


2 08 63 OD OP SOs Ge OS Ge on Se Se Oe oe Oe ey On OD A a 2 OD OP A ES Oe a es A ee ee ee on Os Oe Ga Ge a Eee OS ee ee ee Ge a eee eee REET Of 9g OE EE Cee ES 2s oe Ges OEE ee ee ES Se mre nese 


MULTIPLE FRAME ESTABLISHED 


RES ae BO Dena anaw SD DD DP a Se OF OB FS OR SP ED OP OG OB 68 OD DB 8 8 ® © OD 08 08 © 28 09 0 OE HOS OE OOOO BOS EMS QZlDSl 222888 BDO we ewe se 8 eB Owe eee aee eo 





















NORMAL NORMAL PEER REC. BUSY] PEER REC. BUSY] PEER REC. BUSY 
NORMAL REJ and ow cm rec. pusy | REJ and own 
7.0 7.3 1.6 1.7 


MDL-ERR=-IND(C) | | | | 





MDL~-ERR-IND(B) | 





MDL--ERR=IND(E) | MDL-ERR-IND(E) 
Rc = 0 ro= 0 
TX SADME Pt | TX SABME P= 
STOP T203 RESTART 7200 
RESTART 7200 
5.1] $.1| 
OL-UNIT | | 
DATA~IND \ 





6rl 


TABLE D-2/Q.921 (3 of 10) 


State transition table: receiving FRMR unnumbered frame with correct format 


222 2 Smart aA 2AM AARA aA BANS A Fa NEE E ea Ea Niel Re eel eae Eo en eR Re eee bel a hee ee hae ee ee ne ee ate deed nn a be hrhe Nake bak honing he tn telah tt 4 htt EEL TL TT EL EL LTT LTT TTT TTC TT LETT rtTtT Teri Tttrrrirrrecirtrtrrrrrtittrtrgr 


BASIC SPATE 
MULTIPLE FRAME ESTABLISHED 


TRANSMITTER CONDITION NORMAL NORMAL NORMAL NORMAL PEER REC BUSY| PEER REC BUSY| PEER REC. BUSY| PEER REC BUSY 
RECEIVER CONDITION NORMAL REJ RECOVERY OWN REC BUSY REJ and own NORMAL REJ RECOVERY cane-REC. “BUSY REJ and own 
BRO ABAKRs Re BasrAswBaKaasrw22 22 PS We 2 a a Oe OS SA OR Ow Oe 28 OD SG CET 9 om 28 om Se OD oe oP of a oe ee ee <a a REC busy a ‘a Oe OS Oe OS OR SR Oe oe Oe 2 ee VEO RABRE RAR ese Sa BQ BRO BAI ee ees we we zREC busy = 
RRABRBRARBRSABSSRBRSRABABAADAMSD so we a ee ee ee ee ee Se eweeasanwasenwmam oe ws eee ee he oe on OE en ee ee, ob ee ee os RG ee eee oe PS of a OP Rene we ob OR 2m Eee ee oe Bw Meer wea ae BRS ee SDR TAR Ht... BEARBVAnTAB See 

FRMR response 7 / / / / / / / 


rejecting SAAME 
rejecting DISC 
MDL-~ERR-IND(K) ! MDL-~ERR-IND(K) { 
RC = 0 | RC = 0 
FRMR response TX SABME Pel TX SABME Pej 


rejecting UA STOP T203 RESTART T200 
RESTART T200 


rejecting OM 
POL SERN TANOU ET 4 MDL-ERR-INO(K) 
FRMR response RC = 0 RC = 0 
rejecting I comand TX SABME pet! TX SABME Pet 
STOP T203 | RESTART 1200 


RESTART T200 








PRAR response 


rejecting § frame 


FRMR response / /. / / / / / / 
rejecting FRMR 


XANNV 
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TABLE D-2/Q.921 (4 of 10) 


State transition table: receiving RR supervisory frame with cortect format 


—S-—s PY fw) ter ee yt eee eee bk th tl ke tte Le tee et ee ee Pe ee eee EY PEL VE VE PY EPSPS CE Y EY TY EPpry PirreyY ££ tt trTererre FrTeLeELCOCEeEeLECLITI TELL eee fe Cee ft eee eee ee eee ee 


BASIC STATE 
MULTIPLE FRAME ESTABLISHED 












































TRANSMITPER CONDITION NORMAL NORMAL NORMAL NORMAL PEER REC BUSY] PEER REC bUSY]| PEER REC BUSY] PEEK REC BUSY 
RECEIVER CONDITION NORMAL RES recovery | own rec susy | REJ and own NORMAL REJ RECOVERY | OWN REC. BUSY REJ and own 
STATE NUMBER 7.0 7.1 7.2 7.3 2.4 7.5 7.6 7s? 
OBA BEAR NMRARR ARR BADR ASB BABA 22.28 OP ok Te, OO ee 8 Oe 10h 0 an ee een vere eee oh OS on 8 22 28 ee oe eee we 02 O8 Re of On of OO Oe ee ee Pils GED Gk CURSE WEE ON. Sh OD ete SD ph GN a ee SP eS oF Gh ee Ge CR ee on oe Oe oe 2ataewwaneieaoewss sae se SEV Ben Aans Baw ee 
TX RR Pet ' TX RHR 1 TX RR FHI T™ RR PW TX RNR Pet TX PNR PI 
RR command P<! STOP 1200 | STOP 7200 | STOP T200 STOP 1200 STOP 1200 STOP T200 
N(R)@V(S) RESTART 1203 RESTART T203 | START 1203 START 7203 START 1203 START 1203 
V(A)=N(R) | V(AJ@N(R) V(A)@N(R) VIA) @N(R) V(A)@N(R) V(AJEN(R) 
7.0 1 7.2 7.3 
STOP T200 STOP T200 STOP T200 STOP T200 STOP T200 
RR command P=0 RESTART 7203 | START 1203 START T203 START 1203 START 1203 
N(R)@-V(S) V(A)@N(R) V(A)=N(R) V(A)eN(R) V(A) N(R) V(A)@N(R) 





RR response 
N(R)#v(S) 



































MDL-ERR=-IND(A) 










MDL-BRR-IND(A) 







MDL-ERR-INO(A) MDL-ERR-IND(A) MDL-ERR-IND(A) 









RR response Fei STOP T200 l STOP 17200 STOP T200 STOP T200 STOP T200 
N(R)@Vv(S) RESTART 7203 START T203 START T203 START T203 START T203 
V(A)@N(R) V(A)@N(R) V(A)@N(R) V(A)@N(R) VC A) @N(R) 


7.0 
T™ RR Ot 
RESTART 7200 
V(AJ=N(R) 

7.0 
RESTART T200 
V(A)eN(R) 

pe 


7.1 
TX RR P= 
RESTART 1200 
V(A)=N(R) 


7.2 
TX PNR Fel 
RESTART T200 
V(A) N(R) 

7.2 
RESTART T200 
V(A)#@NCR) 

7.2 


7.3 
TX RNR P= 
RESTART 1T200 
V(A)@N(R) 
















TX RR Ft 
RESTART 1T200 
V(A)“N(R) 


RR command pe f 
via) ncn) < vis) 



























RESTART 1T200 
V(A)@N(R) 
































RESTART 7200 
V(A)@N(R) | | 


RESTART 1200 
V(A)@N(R) 
ah ee 


RESTART T200 
V(A)=N(R) 


RR oormand p=0 
via) (N(R) © v8) 















| 
| 
MDL-ERR=IND(A) | 
RESTART T200 \ 
V(A)eN(R) { | 

' | 


RR response F0 
via) 4 mcr) 6 ws) 

























MDL-ERR-IND(A) 
RESTART T200 
V(A)@N(R) 


MDL-ERR-IND(A) 
RESTART T200 
V(A)@N(R) 


MDL~ERR-IND(A) 
RESTART 1T200 
V(A)#N(R) 


MDL-ERR-IND(A) 
RESTART T200 
V(A)@N(R) 






RR response Fe 
via) C nce) 4 vis) 














7.0 7.1 7.2 7.3 
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TABLE D-2/Q.921 (4 of 10 cont'd) 


State transition table: receiving RR supervisory frame with correct format 



















yee yy Yt Yt) tT tt eee PT? TPP CECE CCC LOL LCE TT oe 
BASIC STATE 
MULTIPLE FRAME ESTABLISHED 
TRANSMITTER CONDITION NORMAL NORMAL PEER REC BUSY] PEER REC. BUSY] PEER REC. BUSY| PEER REC BUSY 
RECEIVER CONDITION ow rec. pusy | REJ and own NORMAL REJ RECOVERY | own REC Busy | REJ and own 
STATE NUMDER 7.2 7.3 7.4 7.5 7.6 7.7 
revyryvrtepyryPTPe ey Eee yee Ty . ro) OR EY ees et . _ 5 y. 22 ee ees OE ee 2 ee 2 me Oten Sheet Sree ee 
RR command p= 1 TX RNR Pel TX RR Fel TX RR Pel TX RNR Pel TX RNR Fel 
v (A) = N(R) 4 v(S) | 
7.1 7.2 7.3 
RR command 
V (A) @ NCR) 
7.3 









RR response 
Vv (A) = N(R) 






RR response 
V (A) = N(R) 

















MDL-~ERR-INO(A) , | | MDL-~ERR-IND(A) MDL~ ERR-IND(A) MDL-ERR~-IND(A) MDL~ERR-INO(A) 























7.0 7.1 7.3 



















722° 














































RR command TX RR Fe} TX RNR F=1 TX RAR FH TX RNF ' 
N(R) error MDL-ERR-IND(J) { MOL-eRR-IND( 3) | MDL~ERR-IND (J) MOL-ERR-IND(J) | 
RC = 0 Ro = 0 ro = 0 Ro = 0 
TX SABME P=! | TX SABME P={ TX SABME Pai | TX SABME Pmt | 
STOP 7203 STOP 1T203 { RESTART T200 RESTART T200 
RESTART T200 | RESTART T200 








5.1 i 
MDL-ERR-IND(J) | 
ro = 0 


5.1 5.1 
MDL-ERR-IND(J) 


RC = 0 





RR command 
N(R) error 

























TX SABME Pel | | TX SABME Pp 
STOP 7203 RESTART 1T200 
RESTART T200 | | | 
5.1 S.t oy be i 
RR resp nse r “7 


nt(R) error 


















MDL~ ERR-IND(A) 


| 

MDL-ERR=IND(A) | 
HDL-ERR-IND(J) ie 

! 

| 


MDL-ERR-IND(J) 


RR response Fel 
RC = 0 | 
| 


N(R) error 
RC «= 0 

TX SABME Ppw1 | 
RESTART T200 | 


TX SARBME P1 
STOP T203 
RESTART T200 


5.1 Sat 
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TABLE D-2/Q.921 (5 of 10) 


State transition table: receiving REJ supervisory frame with correct format 


RLS ot eS mt RT kk Te ek ROR RR AASRSeK GBS RAVWSAATAVARBPABBARAHSVA AAD AAR SASS SBA GNM BAHASA ARH ASA SMABABAASSARKRASABVSRATARARNRESAMDANRRABBARMB ABA NNN BMe 


BASIC STATE 


MULTIPLE FRAME ESTABLISHED 


ROO OD OD OB ED Om OR © Of 0 OD OD OD Ob 00 20 > Om OD 68 oo od On Oe om 2 20 On oe he ek ee ee ee | 


NORMAL PEER REC BUSY 


ee ae ee ee od on om oD ot a ee ee oe 2 OO > OO > ot ow Ge OF Oo US on O88 a en we aemaaaanewnwnanwene aaa 


REJ and own NORMAL 


7.3 7.4 


TX RR Fol 
V(A)=N(R) 
STOP T200 


TRANSMITIER CONDI LON NORMAL NORMAL NORMAL 
RECEIVER Convprrron NORMAL REJ RECOVERY OWN REC BUSY : 
BeasvrzsanesFtaewnwrteesssitoaasaes2733 —-e ee ££ ee Fee FF ee Se 2a Bee wm a Ss oe eee = we seunenenasnnanede-REC busy a Oe me we aes oe 8 we ee 28 eee 
STATE NUMBER 7.0 74 7.2 
Sava arsaewasuesnxaeewastasras sae | eee o- FF Sb ES Ft Ee WR SRN BMV MBS HKA BS CVU RMR Aeneas SUEreRauanananseeaes nam 22 B22 Sean enawe aABae @ 
TX RR Fel TX RNR F#} | 
RELI command p=] V(A)=N(R) V(A)=@N(R) 
N(R)#V(S) STOP T200 | STOP 17200 
(Note) RESTART T203 RESTART T203 | 












VIAD=NUR) , 
STOP 7200 | 
RESTART 1203 


REJ command 
N(R)*V(S) 
(Note) 


REJ response 
n(R)=V(S) 
(Note) 








MDL~ERR=-IND(A) 






REJ response F#1 V(A)#N(R) 
N(R)=V(S) STOP T200 
(Note) RESTART 1203 








TX RNR Fel 















REJ command  P=1 V(S)eV(A)@N(R) V(S)@V(A)=N(R) | 
ViA) 4 NCR) € VS) STOP 17200 STOP 1T200 
< START 1203 START 17203 










V(S)=V(A)=NCR) | 
STOP 7200 
START 1203 







REJ command P=0 
via) & N(R) € VIS) 


Ceca —— ——_ a. ome 






REJ response F=0 
via) & N(R) < vs) 










MOL-ERR=-IND(A) 






ROI response Fe! V(S)=V(A)eN(R) ! { | 
v(A) 4 NCR) q ws) STOP T200 \ 
START 1203 
























START T203 
7.0 
V(A)=N(R) 


STOP T200 
START T203 
7.0 


MDL-ERR-IND(A) 
V(A)@N(R) 
STOP 7200 
START 1T203 
7.0 
TX RR Fel 
V(S)=V(A)@N(R) 
STOP T200 
START 1T203 










V(S)=V(A)ON(R) 
STOP T200 
START 1203 




















MDL-ERR-INO(A) 
V(S)#V(A)#=N(R) 
STOP T200 
START T203 
7.0 


Note — This event is impossible by the definition of the peer-to-peer data link procedures. However, it would not harm 
the information transfer, if actions according to this table are taken. 






PEER REC. BUSY 


REJ RECOVERY 


7.5 


20 te ae Om om aD Oe OD OD OD oe oe oe a ot oe 


OWN REC BUSY 


7.6 


TX RR PI 
V(A)@=N(R) 
STOP 1200 
START 7203 
7.1 
V(A)@NCR) 





STOP T200 
START T203 
7.4 


MDL~ERR-IND(A) 
V(A)#N(R) 

STOP T200 

START T203 
7.1 
TX RR Pet 
V(S)#V(A)=N(R) 
















V(S)#V(A)=N(R) 


STOP T200 
START 7203 
cal ele 


MDL-ERR-IND(A) 
V(S)*#V(A)*#N(R) 
STOP T200 

START T203 
7.1 


























TX RNR Fel 
V(A)@N(R) 
STOP 1T200 
START T203 
7.2 
V(A)@N(R) 


STOP T200 
START T203 
7.2 


MDL-~ERR-IND(A) 
V(A)=H(R) 
STOP T200 
START 7203 
7.2 
TX RNR Pet 


V(S)#V(A)=N(R) 


STOP T200 
START T203 


7.2 


STOP T200 
START T203 
oe 


















V(S)@V(A)=N(R) 


PEER REC BUSY 


ee 


REJ and own 

i» REC busy 
7.7 
TX RNR Pet 
V(A)EN(R) 
STOP T200 
START 1T203 
7.3 

V(A)=t(R) 
STOP 7200 
START 1203 








































MDL-ERR~-IND(A) 
V(A)@NCR) 
STOP T200 
START T203 
7.3 
TX RNR F=t 
V(S)#V(A)=N(R) 
STOP T200 
START T203 
7.3 
V(S)=V(A)=N(R) 
STOP T200 
START 7203 
7 




















































MDL-ERR-IND(A) 
V(S)#V(A)2N(R) 
STOP T200 

START T203 
7.2 











MDL-ERR=-INO(A) 
V(S)#V(A)=N(R) 
STOP T200 
START T203 

7.3 
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TABLE D-2/Q.921 (5 of 10 cont'd) 
State transition table: receiving REJ supervisory frame with correct format 


St 2 8 VAR ABRH APB Rs A 4H AG 


BASIC SPATE 


rE eee ECE EPS SY Peery Tyrer rrriry i rerrry tro rttitrT TTT eet Cirrertertrrerrrer rer St ee eee eee eee te eee 


MULTIPLE FRAME ESTABLISHED 


OO we we ewan en me wo oe ee me we oe te me ee we ee Oe 








TRANSMITLER CONDITION NORMAL NORMAL NORMAL NORMAL PEER REC. BUSY PEER REC. BUSY PEER REC. BUSY PEER fC. BUSY 
RECE) VER CONDITION NORMAL REJ RECOVERY OWN REC. BUSY ee own NORMAL REY RECOVERY OWN REC. BUSY Hoes Own 
Beran eRAAvsNIBEABAOIBAWA SRB Bem sneaker eerebees és 22 hse on me eee me oe ee at th MD Ot oe on oe re on oe oh = 2 usy Seen na sSaveunsaea we Cen on 8 he ee Os Re rH1S 2 ASBKRBwews Ass =a . usy 
STATE NUMBER 7.0 7.1 7.2 1 7.4 25 7.6 ae, 
RBeRARABRBsLA22M2 SB AMRMBSRABVOWM @ AMG 32 reese OF en 28 Oe ee POUT EE Ut wee Tee et en mt 0b 0 nee eh a Ob Oe eee Oe ree Se warn ONS eh eee. oe ah oS on On Oe . 220 2 2068 een eee eee aBa[Senuesea = B82 Ee eee se ee BSR Ret wee BP eee 
] | i] 
REJ command Po TX RR Fel TX FAIR Pst | TX RR Fw TX RNR FP@=1 , 
N(R) ecror MDL~ERR-IND(J) MDL-ERR=-IND(J) MDL-ERR-IND(J) | MDL-ERR-IND(J) 
RC = 0 RO = 0 | RC « 0 RC = 0 l 
TX SABME P= TX SABME Pat TX SABME P=i | TX SABME P=1 
STOP 1203 | STOP 7203 | RESTART T200 RESTART T200 | 
RESTART T200 RESTART T200 | 
5.1 5.1 5.1 ae 































P=0 





REJ command MDL-ERR=IND( J) 


MDL-ERR-IND(J) | 



























N(R) error Rc = 0 | ; RC = 0 
TX SABME Pe | TX SABME Pej 
STOP T203 | | RESTART T200 | 
RESTART 1T200 
nm eeetta ‘ean 521 {_ ca em eel Sadia Sama aaa ae ial Aan ‘ersenemas desea me tion ome eel ee eee ee 
REJ response | 


N(R) error 























| 

REJ response MDL“-ERR-IND(A) ee et 
N(R) error MDL-ERR=IND(J) | MDL-ERR-IND(J) l 
RC = 0 | RC = 0 ; 

TX SABME Pe{ TX SABME P= 
STOP T203 ! | RESTART T200 | | 
RESTART T200 | | 
5.1 5.1 
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TABLE D-2/Q.921 (6 of 10) 


State transition table: receiving RNR supervisory frame with correct format 


aD £3 GO BO ME OS OD MN OD AD SD net Slt GD OS GR MD OF ae OE GR Se GD Oe ON UE Oh OS SD OD OD Od Oe Oh 8 OD OD Oe DE SE OD a AE Oe Gh SD OD GE SD OS OO OE OD OE Oe OD SD OS OO Oe AD OD On OD Ok OD OD OE OR Oe CTD OR GN OE OS OE GR SN ER GE OD OR OR OO OS et 0 OD GF OS OD OF OS SD On A OF GE OF OD OS GD CS On G8 SE OD SE 9p 8 Oe es oe OS Oe 2 ee 8 Oe 8 2 ek eR ee 


























STOP T203 









STOP T203 STOP 7203 STOP T203 










BASIC STATE 
MULTIPLE FRAME ESTABLISHED 
TRANSMITTER CONDITION NORMAL NORMAL NORMAL NORMAL PEER REC. BUSY PEER REC. BUSY PEER REC. BUSY PEER REC. BUSY 
RECEIVER CONDITION NORMAL REJ RECOVERY Ow HEC. Busy | ‘'REJ and own. NORMAL REJ RECOVERY OWN REC. BUSY ‘REJ and own 
fb UTD GUE 8 6S Ses O2 OD om OB ORE AOER ee ee : are sresse = SEA CLAS Oh GE a OR OSE OE ee Oren Oe a oe en a REC busy ——« yaw Oe re ee EE EE FE REC busy memati 
STATE NUMBER 7.0 7.1 7.2 7.3 7.4 7.5 7.6 7.7 
On D828 Ome O08 Bower wemeeeess = SEES oh i ete Were oe eer we 28 28 eran en 9S 19 Bh se Oe OB wees eee. eS aE se tt RMS 68 ape er 6.48 oe 2 eh on en ne een erate Sw BBR Ba new ITRAe sew BRAD mMeBsBADoeranmees 
TX RR Fei TX RR Fel TX RNR Pel TX RNR Pel { 
RNR command Pe 1 STOP T203 STOP T203 STOP T203 STOP T7203 TX RR Fl TX RNR Fel 
N(R)@Vv(S) RESTART 1T200 RESTART T200 RESTART 1T200 RESTART 1T200 RESTART T200_ | RESTART T200 | 
V(A)@N(R) V(A)@N(R) VCA)@N(R) V(A)@N(R) V(A)#N(R) l V(A)=N(R) 
7.4 1.5 } 7.6 747 
| 
| 






RNR command P=0 RESTART 1200 RESTART 1T200 RESTART T200 RESTART 1T200 RESTART T200 
N(R)@V(S) V(A)@N(R) V(A)@N(R) V(A)=N(R) V(A)*N(R) V(A)@N(R) 
7.5 


RNR response F*0 | 


N(R)#=V(S) 










MDL-ERR-IND(A 








































RNR response Pet STOP T203 STOP 7203 STOP 17203 MDL-ERR-IND(A) | { | 
N(R)=V(S) RESTART 7200 RESTART 1200 RESTART 1200 RESTART T200 RESTART T200 ,; 
V(A)oN(R) V(A)@N(R) V(AJ@N(R) V(A)@N(R) V(A)@N(R) | 











7.4 7.5 
TX RR PH} 
‘ RESTART 17200 


V(A)@N(R) 


726 7.7 
TX RNR Pe} 
RESTART T200 


V(A)#N(R) 














TX RNR Fel 
RESTART T200 ! 
V(A)@N(R) 


TX RR PW} 
RESTART T200 | 
V(A)@N(R) 



















RESTART 1200 
V(A)@H(R) 
7.6 
RESTART 1200 
V(A)oN(R) 


Pree Se 


RESTART T200 
V(A)@N(R) 
7.4 
RESTART T200 
V(A)eN(R) 
7.4 


RNR cormand Pe} 
v(ad <n(R) < v(8) 


































RESTART T200 
V(A)@N(R) 


RESTART T200 t 
V(A)=N(R) | | 


— eee 4. ee [-—--- - 
| 


RESTART 17200 
V(A)=N(R) 
7.7 


RNR command P=0 
via) 4 n(n) 6 (8) 

























RNR response F=0 
vca) 4 wR) ¢ VCS) 


































MDL-ERR-IND(A) 
RESTART T200 
V(A)=@N(R) 

7.6 


MDL-ERR-IND(A) 
RESTART T200 | 
V(A)@N(R) 


MDL-ERR-IND(A) 
RESTART T200 
V(A)=N(R) 

7.4 


MDL-ERR-IND(A) 
RESTART 1200 
V(A)eN(R) 
7.5 


MDOL~ERR-IND(A) 
RESTART 7200 
V(A)@N(R) 
7.7 











RNR response Fel 
via) Cncry 4 v(s) 
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TABLE D-2/Q.921 (6 of 10 cont'd) 
State transition table: receiving RNR supervisory frame with correct format 


MEBARBAsAISABBABARABAAH ARAB 20 a8 $0 SO Op 00.28 OS ERD OE 098 TI OE RO a O_O Os Se, On NN ee eee. 


BASIC SLATE 





mma 





SARA LS CAE ED SELL. ANE ED ES OR TPE EET ME OR OS Oh ARS OO EE ERS Om wh Ee Ae ee See ML wD 


MULTIPLE PRAME ESTABLISHED 


SO OD Om aE 68 DP Om OD OD OD OD OS OO A OO A AD Ow 8 Ob OD OF OD OS OD Om Of OO Om at OO og om 0 oe om OS Ge Ob Om Ot ath Ot OW OD a OD ae 











TRANSMITTER CONDITION NORMAL NORMAL NORMAL NORMAL PEER REC. BUSY] PEER REC. BUSY | PEER REC. BUSY] PEER REC. BUSY 
RECEIVER CONDITION NORMAL REJ recovery | own rac. pusy | REJ and own NORMAL RES RECOveRY | own rec. susy | REJ and own 

(2h 08.20 Gs ON 2 oe Oe Oe OO ee Oe 2 STD o> 00.28 whee ob rere es BTS ED SE REC busy ony remain ase sia aa Calin REC busy. 
STATE NUMBER 7.0 7.1 7.2 7.3 74 7.5 7.6 7.7 





RNR command P= TX RR P= | TX RR Pel | TX RNR Pel 
N(R) error MDL~ERR-IND(J) MDL-ERR-IND(J) | MDL-ERR-IND (J) MDL-ERR-IND(J) 

RC = 0 | m= 0 AC = 0 Ro = 0 
TX SABME P=1 TX SABME P=1 TX SABME P= TX SABME Pt | 

STOP 17203 | STOP 1203 RESTART T200 | RESTART 1200 
RESTART T200 | RESTART 1200 | 
5.1 bs Bet s.1 | 5.1 | 
| 


RNR command MDL~ERR-IND(J) : MDL-ERR-IND(J) | 
N(R) error r= 0 RC e@ 0 
TX SABME Pej . TX SABME Ppe{ 
STOP T203 RESTART T200 
RESTART 7200 | 

Sp Src EN ee se ek 

RNR response 
N(R) error 


| i 


RNR response MDL-ERR-IND(A) MOL- ERR-IND(A) 
N(R) error MDL-ERA-IND(J) | MOL-ERR-IND(J) | 
RC # 0 | RC # 0 
TX SABME p= TX SABME Pet | 
STOP T203 RESTART T200 1 
RESTART T200 { 
5.1 5.1 





SSI 
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TABLE D-2/Q.921 (7 of 10) 


State transition table: receiving |] command frame with correct format acknowledging all outstanding 
I frames or containing an N(R) which satisfies V(A) < N(R) < V(S) 


SSP 2 atAPIucTtwsssa@ImeIWnrruaus ME SBD ie RBRRUAI ABU RBAAV NRIs WH . ww Be te nt OR BFS SS Ee oe SE OP OO GE OES EE Be Oe OO ak 90 OE Oe 8 in oe oe oe ow oe on oe OES SE ES SE SE TDS OS OOS OR OR OO oe SD OD Oe Oe OS a oO GR Sm OH on 9 OS Oe et 8 on OL 
BASIC STATE 
MULTIPLE FRAME ESTABLISHED 


TANSMEPPER CONDITION NORMAL NORMAL NORMAL NORMAL PEER REC. BUSY] PEER REC. BUSY] PEER REC. BUSY| PEEK REC. BUSY 
RECEIVER CONDITION NORMAL RES RECOVERY | OWN REC. BUSY REJ and own NORMAL REJ RECOVERY | own rec. pusy | REJ and own 
BAwsIC st I~ Rwz<SAeaswssaAnctaIaszalewisreser aan asaaeIanamaassw ss aEAMRRAResaw Re AABBWAOH 232 HM RABRANAORZBSBAADB = REC busy - = — - = o> bead REC busy 











































STATE NUMBER 7.0 7.4 7.2 7.3 7.4 7.8 7.6 7.7? 
Stet OS TS RUBE BASB BAAS SA FST SRSBVWABSBVBAALAASBSABIIABA~stVwIA ss saws stV2AKtaa sa BH SG@iamMEBenhewand ae 22) ee ee ee BRR BAR e282 S OO 18 EF EAS SUA BEARABBIAs SHES wanaearawaena RABAABARAAAReARaM 
V(R)2V(R)+1 V(R)=“V(R)+1 *DISCARD" 
DL=-OATA-IND DL=~DATA-IND TX RNR B= 1 | V(R)=V(R)+1 V(R)eV(R)+1 "DISCARD" | 
{ command p=1 TX RR Bf TX RR Fed STOP T200 DL-DATA~IND OL-DATA-IND TX RNR Fel 
(0S) = V(R) STOP T200 STOP T200 RESTART T203 | TX RR Fel TX RR Pel V(A)@N(R) | 
OR) = VCS) RESTART 17203 RESTART 17203 V(A)@=N(R) l V(A)@N(R) V(A)=N(R) | 
V(A)=N(R) V(A)“N(R) 7.4 
7.0 | 


"DISCARD® 










V(R)#V(R) +1 V(R)#V(R) +1 

























































DL-~DATA-IND DL-DATA-IND STOP T200 | V(R)eV(R) +1 V(R)V(R)+1 *DISCARD® 
I command P20 TX ACK TX ACK RESTART T203 DL-DATA-IND DL-DATA-IND V(A)*N(R) 
H(S) # V(R) STOP 'f200 STOP T200 V(A)=N(R) | TX RR FO TX RR FXO 
N(R) © VCS) RESTART T203 RESTART T203 V(A)=N(R) V(A)eN(R) 

V(A)#N(R) V(A)=N(R) 7.4 


7.0 
*“DISCARD® 




























*DISCARD" "DISCARD" "DISCARD" “DISCARD* “DISCARD*® 
















1 command P=} TX REJ Fet TX RR Ket RNR Fel TX REJ Fe TX RR Fel TX RNR Pt 
W(S) # VCR) stor T200 STOP 17200 § SOP 7200 | V(A)#N(R) V(A)@N(R) V(A)@N(R) 
N(R) = V(S) RESTART T203 RESTART 7203 RESTART 120) 

V(A)*@N(R) V(A)=N(R) V(A)#N(R) | 7.5 


7.1 
"DISCARD" 















“DISCARD® "DISCARD" "DISCARD® 


















! 
I command P=0 TX REJ F=0 STOP T200 ™ REJ FeO V(AY*"N(R) 
NCS) # VER) STOP 1200 RESTART 1203 | V(AJ=N(R) 
N(R) = V(S) RESTART 1203 V(A)*N(R) | 
V(A)AN(R) | | 7.5 


7.1 
V(R)@V(R)+1 





















V(R)=VO(R) +1 "DISCARD" V(R)@V(R) +1 V(R)@V(R) +1 "DISCARD" 

















































I command P= DL~DATA~IND DL-DATA-IND TX RNR Pt DL-DATA-IND OL-DATA-IND TX RNR PH1 | 
N(S) = V(R) TX RR Fat TX RR Fel RESTART T200 TX RR P= TX RR Pt V(A)@N(R) 
V(A) N(R MV(S) RESTART 7200 RESTART 7200 V(A)@N(R) { V(A)=N(R) V(A)@N(R) 

V(A)=N(R) V(A)@N(R) 7.4 


7.0 

























































































V(R)#V(R)+1 V(RJaV(R)+1 "DISCARD" V(R)#V(R)+1 V(R)=V(R)+4 DISCARD* 
I command P=0 DL-DATA=~IND OL-DATA-IND RESTART T200 | DL-DATA-IND DL-DATA-IND V(A)#N(R) | 
ds) = V(R) TX ACK TX ACK V(A)=N(R) | TX RR FO TX RR FeO 
v(ar dancer dv(s) RESTART 1200 RESTART 1200 V(A)=N(R) V(A)@N(R) 

V(A)#NOCR) V(A)#N(R) 7.4 | 

7.0 

“DISCARD” “OISCARI)" "DISCARD" "DISCARD" "DISCARD" "DISCARD" 
{ oomnand pa TX REG be TX RK Fat TX RNR Fel TX REJ Fel TX RR Pel TX RNR bet | 
n(S) # VER) RESTART T200 RESTART T1200 RESTART T200 V(A)2H(R) V(A)@N(R) V(A)@N(R) 
VCA) SNC RY XV (5) V(A)4N(R) V(A)#NCR) V(A)eN(R) : i 


7.1 








"DPSCARD" “DPSCARD" “DISCARD” “DISCARD” | 
I conan P=) TX REJ &=0 RESUART L200 TX RED FO V(A)=N(R) , 
(5) # VOR) RESTANT £200 V(A)ANCR) V(A)ONCR; 
VIAISSC RIMS) VEA)ANCR) Tao | 


ee meee eee 
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TABLE D-2/Q.921 (8 of 10) 


State transition table: receiving I command frame with correct format containing an N(R) which satisfies V(A) = N(R) < V(S), or an N(R) error 


cer VE re Les eyy ery CSE 0 2 OUD SR PORN ON ONE A MW. IES A WS AR. A OD O.O OO Sah SND ONT Se Mw SUNN. Sem oth 


BASIC SPATE 


ws 








(sk 2 oe tin ob cokes on mn a eed le ek ah cee ok oe Bea A a ye ee 0 se 


MULTIPLE FRAME ESTABLISHED 


0 re ee ae OD EE ado OD ED On Ob UD OD ED GO OD Gb OD ab OD OH OD oh Ob ae ae ED On On tin OO Ob ER Om a de ee OO me © om am OR Oe ae 5 1m oD oe oo mn me om oe a the Ob Utd Gb OD 418 > att OS On 20 Om oe OO CO Ab 0 OO OR AO OP SO OP OP AD UD te ED OR OR oe ED SD AD OD OD OO HD aD OO OD ED OD NO On OD OO A On an Ott CON OP OY OR OD eb HD ON OP ate OO AD om aD OD MP ED OD OO OS ae Oe OD ole oe om 








ee Ae OD ED Ame OD Sak Ny a es cy te daa 








TRANSMITTER CONDITION NORMAL NORMAL NORMAL NORMAL PEER REC. BUSY| PEER REC. BUSY| PEER REC. BUSY| PEER REC. BUSY 
RECEIVER CONDITION NORMAL REJ RECCVERY OWN REC. BUSY REJ and own NORMAL REJ RECOVERY owt rec. susy | -REJ and own 


STATE NUMBER 7.0 72.1 7.2 7.3 7.4 7.5 7.6 7.7 
1 command pe} V(R)@V(R)+1 V(R)=V(R)4+1 *DISCARD® ’ V(R)eV(R) +1 V(R)@V(R)4+1 "DISCARD" 
N(S) © V(R) DL~DATA-IND DL=-DATA-IND TX RNR «1 DL-DATA-IND DL-DATA-IND TX RNR FW4 
viajen( rn) <v(s) TX RR Pel TX RR FH} TX RR F# TX RR PH} l 
7.0 7.4 















P=0 





V(R)“V(R)4+1 
DL~DATA=IND 
TX ACK 


I coamand 
N(S) = V(R) 
V(A) =N(R)<v(S) 


V(R)=V(R)+1 
DL~DATA-IND 
TX ACK 














V(R)-V(R) +1 
DL-DATA-IND 
TX RR PO 


V(R)=V(R)+1 
DL~DATA-IND 
TX RR P=O 


















*“DISCARD" 






















































7.0 ae 
I command p= 1 “DISCARD” “DISCARD* "DISCARD" | "DISCARD" "“DISCARD® *“OISCARD" 
N(S) # V(R) TX REJ Pe} TX RR Pet TK RNR P=1 TX REJ PH} TX RR P=} TX RNR F@1 
V(A)@N(R)<¥(S) 7.5 
‘ i ' | 
N(S) # V(R) *DISCARD® ' "DISCARD® ' 
V(A)=N(R)4V(S) ' ' | 
DISCARD V(R)@V(R)+1 *“DISCARD® 




























DL-DATA-IND TX RNR Pf DL-DATA-IND TX RNR Pel 
N(S) = VCR) TX RR 1 MDL-ERR-IND(J) | TX RR Fot | HDL-ERR-IND(J) | 
N(R) error MDL-ERR-IND(J) Rc = 0 MDL-ERR-IND(J) | RC = 0 
Rc = 0 Tx sABME pat | RC = 0 TX SABME P= | 
TX SABME P=} STOP 7203 TX SABME pei | RESTART 1200 
STOP 1203 Restart 200 | RESTART 1200 




















§.1 5.1 













































RESTART T200 



























| 
| 
| 
| 
RESTART 7200 | 
| 
| 
| 
\ 
i 


V(R)=V(R)+1 "DISCARD" | V(R)=V(R)+1 
I command p=0 DL-DATA=IND MDL- ERR~IND (J) DL~-DATA=IND MDL-ERR-IND(J) 
N(S) = V(R) MDL-ERR~-IND(J) Ac = 0 MDL~ERR=-IND(7) | Ro = 0 
N(R) error RC = 0 TX SABME P<} RO = 0 | T SABME Pe} 
TX SABME P= STOP 1203 TX SABME Pe{ =; RESTART 7200 | 
STOP 7203 RESTART 1200 RESTART T200 1 
' 
] 


5.1 5.1 5.1 



















































*DISCARD® *DISCARD* “DISCARD® *DISCARD* *DISCARD" 
I command pe} TX RED Pet TX RR Fel TX RNR Pt TX RED Pet TX RR Pot TX RNR F=1 
N(S) #€V(R) MDL-ERR-IND(J) | MDL-ERR-IND(J) | MDL-ERR-IND(J) | MDL<ERR-IND(J) | MDL-ERR-IND(J) | MDL-ERR-IND(J) 
N(R) error RC = 0 RC = 0 RC = 0 RC = 0 RC = 0 RC = 0 
TX SABME P=} TX SABME P= ox gannez pay | TX SABME P= TX SABME p= TX SABME P=1 
STOP 7203 STOP 1T203 STOP 7203 RESTART 17200 RESTART 1200 RESTART 7200 | 
RESTART 1200 RESTART 1200 RESTART 1200 








5.1 5.1 5.1 5.4 5.1 5.4 | a 
“DISCARD” *DISCARD" "DISCARD" “DISCARD" ' | 
I command Ped T™ REJ F=0 MOL~EIR-IND(J) | TX REJ F=0 MDL-ERR-IND(J) | 
N(S) # VCR) MDL-ERR-IND(J) RC = 0 | MDL-“ERR-IND(J) KC = 0 | 
N(R) error RC = 0 TX SABHE Pat | RC =~ 0 TX SABME p=} | 
TX SABME Pet STOP £203 | TX SADME p= RESTART 1T200 | | 
STOP 7203 RESTART T200 ! RESTART 1200 | 
RESTART T200 | \ | 
5.1 5.1 5.1 5.1 
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TABLE D-2/Q.921 (9 of 10) 


XANNV 


State transition table: internal events (expiry of timers, receiver busy condition) 


i it a aah OS 208 OS Ro we BE SEE Oe ME OD OS Se SD SO Oh OE oe alae eh here el ee ence eel nla eel ehe tend betas tank Sanhenb nde dekon toda tarhent han enheanten kod den ho bakketaten tanto tetat tot. ttt ttt tet et ee ee eye Pc ey Pe Se Ty YT ee ee PP eT eee ere Te PTY 


BASIC STATE 


> ED Ge OS OD > OD 4D OD Ub ED OD 68 BD 28 OO OF OD Oh om oh OO eG OD AB OD ED 08 OD OD ED OD Gh Ab OD Ob GD A at BD OED OD Oh OD th ED Od Om OD SD OD om OD OD ng 00 OD om OP at Om Ob Um a OD ah a Oh om oe an 





TRANSMITTER CONDITION NORMAL NORMAL NORMAL 
RECEIVER CONDITION NORMAL REJ RECOVERY OWN REC. BUSY 
20 SO.25 OD GS SOE AD Oh 00 OO OE OP 2 Oe ER OD 0 Seameiwmwts at mare 2 28 oD ee 2 oe Oe eee ae Qt Bee we hee em 
STATE NUMBER 7.0 7.1 7.2 
Re @ Or ewe Oe ee ARREARS eS 20 £2 2 oS hee MO eee TP OR Sh Th we SO 2h Ghee Oe Pee ‘oe 1 om 
RC=0 RC#0 RC=0 
either either either 
V(S)#vV(S)=-1 V(S)=#Vv(S)-1 V(S)#v(S)-1 
TX I pHi T™ I pel TX I pel 
V(S)=v(S)41 V(S)ev(S)41 V(S)ev(S)+¢1 
T200 TIME-OUT or or or 
Rc <n200 TX RR Pol TX RR PH TX RNR Pel 
then then , then 
RC#RC+ 1 RC#RC+ 1 RC# RC + 1 
START 1T200 START T200 START T200 
8.0 6.1 6.2 


T200 TIME-OUT 
RC = N200 


T203 TIME-OUT 





RC=0 
TX RNR Pel 
START eur 


START pee 


START eu 





MULTIPLE FRAME ESTABLISHED 


NORMAL PEER REC. BUSY | PEER REC. BUSY | PEER REC. BUSY] PEER REC. BUSY 
REJ and own REJ and own, 
REC busy bees ee ol, REC buy 

7.3 7.4 7.5 7.6 7.7 
RC#0 RC=0 RC=0 RC#=0 RC#0 
either TX RR pel TX RR Pei TX RNR Pel TX RNR Ped 
V(S)=Vv(6)-1 RC@RC+ 1 RCPRC+ 1 RC=RC+1 RC=RC+1 
Tx I Pej START 1T200 START T200 START T200 START T200 
V(S)=#v(S)+1 6.4 8.5 8.6 8.7 
or 
TX RNR PH} 
then 
RO=RC+1 
START T200 

8.3 


RC=0 

TX RR Pel 

START T200 
8.3 


anee 


SET TX RNR =r TX RNR = TX RNR oa TX RNR F=0 
OWN RECEIVER BUSY (Note) 22 7.3 7.7 


CLEAR 


OWN RECEIVER BUSY (Note) 





TX RR F*O TX RR P=O TX RR FO 
7.0 74 Lge 


Note — These signals are generated outside the procedures spccified in this state transition table, 


and may be generated by the connection management entity. 


TABLE D-2/Q.921 (10 of 10) 


State transition table: receiving frame with incorrect format or frame not implemented 


gcenremnen est ees aE tess ste SaASaAa SS eR 0 ee Es ee ees 8 ee ee ee Ee 2 Oe Se 2 2S 2 9 ee 9 ee ie EE ee BO a 8 Ee Oe 8 ee Ce oe ee et oe 


BASIC STATE 
MULTIPLE FRAME ESTABLISHED 


Gn ere cat cme emt ome me ene OD od Dt aD aD a oe eh Ob a oe aD oe om oe ee ee 0 amt et at oe ant ate oe at Wn SD om Gt OR an ao On de a 28 Ge OP as OD 2D oO wb Ob aD OO oO 


NORMAL NORMAL 











PEER REC. BUSY PEER REC. BUSY PEER REC. BUSY 


RLJ and own 
zea REC busy « 







REJ and own 
REC busy 


RECEIVER CONDITION OWN REC. BUSY 


OQ Sey ee oe set oe ee ee ee ee Se ee ee Be OO Ee OR ER ee eee ot ee St + PS eo 2 ee ee eee eee et 


REJ RECOVERY OWN REC. BUSY 








STATE NUMBER 7.2 7.3 7.5 7.6 7.7 
eee Stree ee ee es Se Se ee Se Se eee Sree on on oe ee res oR en UE ee ee oe Se BO Ee oor ees EO a Serset UES SON we On Oe om EO se a0 ke SE OA ee Oe en Oe 
MDL~ERR-IND(N) | | 
RC = 0 | 
SABME incorrect length TX SABME P=1 | | | | 
STOP 1203 | | 
RESTART 7200 | | | 
5.1 | l | 
oa am ome anne — | cme an Ee — 7] Cd Saeed oe — ——_ = oom ome ems ems ony emeos —— “Tt —_ eae ee ae ‘ ——_ mn ie enim cand 
Disc incorrect length | | { 
| 
—_- ese ae _ —_— oe oe — oe eat — i === —_— 20 —_— om — ead _ a —_ ome ree on _—_ em —_— a — ad omens tee ~na om ee 
| t | 4 —| 
\ | 
UA incorrect length | | | 
| 
| | | 
DM incorrect length 
| | 
FRMR incorrect lenqth | | | | { | 
| 
—_— oe ene —_ — —_— —_ ——_ — L ~~ — on ome — one — -| ooo — om age | —. — we eel T ee —— om —_ 
Supervisory frame | l | | 
RR, NET, RNR | | | | 
incorrect length | | | | 
| | 
MDL-ERR=IND(0) | | | | l 
, ge | | | | 
N201 error TX SABME Pol | | | , 
‘srop 1203 | | 
RESTART 7200 | | | 
5.1 1 
MDL-~ERR~IND(L) | | 
Undefined ie l l ; | | | | 
TX SABME P=1 
command stop 1203 { | | | 
and response frames | RESTART oe | | | 
ee a | Ee RTI CSE RE TSE mR TS, (Cr Ocean OU TER 
MDL~ERR-IND(M) } | | 
RC «= 0 ' : ) 
IT field not permitted TX SARME P=1 ; | | | | 
STOP 1203 | | | 
RESTART 1200 | ! , | | | 
5.1 | 


6SI 


A ee me 


O9T 


TABLE D-3/Q.921 (1 of 10) 


State transition table: receiving primitive 


BASIC STATE 
TIMER RECOVERY 


OO ae ca en Ob ety ale SO OE ee OD OO RD AD OD Gb OS Ole AD OD Mim ame Une Ge ht nd eb ED GD AD OD eit HE ath tty Gime AD UD OAD Oh HS OD ting a eat Oe OD ems Sh Um th we Ob Ot Oe eh OD om ah oe ae A an 00 00 aie 0d Om ae om a Oe om om oom oe om Oe om on > ow oe em 











TRANSMITTER CONDITION NORMAL NORMAL, NORMAL NORMAL PEER REC. BUSY] PEER REC. BUSY| PEER REC. BUSY| PEER REC. BUSY 
RECEIVER CONDITION NORMAL REJ RECOVERY OWN REC. OWN REC. BUSY REJ and own 
om sh 0 Mb 3h OO OO 98 A OO oh OO 22 OO olf ODM 2 LIN ee wee 3 ere eR SE ree on et ere oem; at ee en pane a OO DU SY semen ‘cia ariatarnig tata memk aim tel busy 
STATE NUMBER 8.0 6.1 8.2 8.6 Q.7 
O0US ob Oban 0.08 Cee OD o® 00 a tb On nh 8 ND On ee aemanwpaam on ne 2 ee re on oe oh on oh ee ee nina moo ken ties gin tootomine ‘sis tists acpi tn 
DISC. I QUEUE | t 
RC=0 | 
OL-ESTABLISH-REQUEST TX SABME Pmt | | 
RESTART T200 | | 1 [ 
5.0 | | 
DISC. I QUEUE 
RC~O 
DL~RELEASE- REQUEST TX OISC P=} 
RESTART 1200 
OL-DATA-REQUEST DATA INTO | 
I QUEUE | ' ! 







LEAVE I FRAME 
IN QUEUE 


1 FRAME IN QUEUE 
V(S)<V(A) +k 










=_ ame eee cme uc eee lee eee —— aes «=e me “=e «nese a=ep cluem aees cue 0 qm 00 eee 00 eee 00 cee 0 emcees ele lll eee meee imi te 








I FRAME IN QUEUE 








V(S)=V(A) +k 
| 
DL-UNIT DATA-REQUEST UNIT DATA | ; 
INTO UI QUEUE | : | | 
TX UI P=0 | 
| 
J | 
1 | | | 
MDL-ASSIGN-REQUEST I \ | ) | 
DL-REL-IND | { 
DISC. 1X and url 
MDL=REMUVE~ REQUEST QUEUES { | | | 
STOP T200 | ; 
| | 
| 
1 i | | 
MDL-ERROR~ RESPONSE 
DL-RLL- IND 
PERSISTENT DEACEIVATLON DIsc. f and UL] | | 
QUEUES 
| | | 
{ | 


STUP [200 : y 
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TABLE D-3/Q.921 (2 of 10) 


State transition table: receiving unnumbered frame with correct format 


ged PR SeP st SHABeIPVsetiuawrawussAaiay S2 dS MRS Rk RE AR RD BR AA ARSASBMARSAAA Mo MAAS AW BSW RALA SAS SARMSBSAUAEURSCRARARRMA TRASK RASRCARARATSAABDABWRABARRBARNABRNBRABUMBSEBAZ 21ND AMM Rw 
WASIC SLATE 
TIMER RECOVERY 


tt ee en Oe a) ae oe OD at am ED Oe ee AD AD Oe OO OD te HD od OD Om we ot ee ee ee we ah Oe Ot oe Om em oe 
— Ae te oe te om me oe me a em oe ee os oe me em en ek ee om me we om ot we ee ee ae ale at Oe oe we Oe oe oe et ot om we on em we oe we om ot owe om oe oe ot ed ed ee ee ee - > me 
~ = - oe we oe oe oe ee ee ee 













HANSA CELER CONDERION NORMAL NORMAL NORMAL NORMAL PEER REC. BUSY] PEER REC. BUSY] PEER REC. BUSY| PRER REC. BUSY 
RECEIVER CONDITION NORMAL REJ RECOVERY OWN REC. BUSY REJ and own NORMAL REJ RECOVERY OWN REC. BUSY -REJ and own 
MBDA CRA BVBMABMABRANRNRABKA24a AD As ARBAMBWUaABREBBwaAenBARA SZREMRBREBOABTABRAMAeS MRAM RewsteweeRnanwasenm bs REC DUSY apememone 200 2 eee at mm ee oe oe ee ee 8 we. 2S WO BRE Ber EE Bea AR Reta Oats HOR wm: REC busy 
STATE NUMBER 8.0 8.1 8.2 Lod 8.4 8.5 8.6 8.7 
es etre ote ee eS foe Se EE OF ESS FE Se Ee ES. ZAMS RVers atrasasawAaAsS BEREenewauntwaustssa2 aa SBS 2 Ort 2S ee ee ee ee 23 ah 28 ae we Oe OS ET ee 0 eee eee ee 1. re wee eee eee ee Pore eS oe FEE Ee EE EF ES Bot oe ee ee es es ee ee oe 
MDL-ERR-INO(F) | | | 
SADME pu V(S,R,A)=0 | | 
v(S) = V(A) TX UA Pat | | | 
STOP 7200 | | | | 
START 1203 | | 


7.0 | | | 
DL-EST-IND 

MDL-ERR-IND(F) 

pisc. 1 queve | 


SABME om V(S,R,A)=0 
v(s) # V(A) TX UA F#1 | 
STOP 1200 
START 7203 | 
7.0 
MDL-ERR-IND(F) 
SABME Pao | v(s,R,A)=0 
v(S) = V(A) TX UA FeO | 
STOP 1200 
START 1203 | 
7.0 
DL-EST=IND 
MDL-ERR-IND( F) 
DISC. I QUEUE | 
SABME P=0 Vv(S,R,A)=0 
V(S) # V(A) TX UA F=0 | 
STOP 7200 
START 7203 | 
7.0 
DL-REL~ IND 
DISC. I QUEUE | 
TX UA Fel 
STOP T200 | 


Du- REL-IND 
DISC. I QUEUE | 
TX UA F=0 

STOP 1T200 | 





19] 
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TABLE D-3/Q.921 (2 of 10 contd) 


State transition table: receiving unnumbered frame with correct format 


“cA BABDNEARADAND BARBS SneaBVAANMSA ‘RAB SD Oh BD OF LADS ASD OD OS BE OS RES OO OS ED AE SO OS ot om OR Fh ne 90 AS Oe ES OR Sk NS Ae Oe ee OR Dh On TE OO SR 8 OS UE AD OD OP SR OS Sk SE OE SR oe PO Set On Oe 2b OE OS AO Oe NE On AS Om UD Oe OE OR OO EAD OS RAE OD Oe CR OD SD san On Om OD OOS Oe TR we oe on Oe 


BASIC SPATE 
TIMER RECOVERY 













TRANSMITTER CONDITION NORMAL NORMAL NORMAL NORMAL PEER REC. BUSY PEER REC. SUSY PEER REC. BUSY PEER REC. BUSY 
RECEIVER CONDITION NORMAL REJ RECOVERY | Own rec. Busy | ‘RLJ and own NORMAL REJ RECOVERY | OWN REC. BUSY REJ and own 
SUR BABKLHAAAVARDSEHAS BRAM HAs 8 OO eM Oe Sn Bean nnweenm nme SEER Dw = REC DUSY —-emeee BBO maa te ea nee ee Re eee aannommcacnnsh an me REC busy 
STATE NUMBER 8.0 8.1 8.2 8.3 6.4 6.5 8.6 8.7 
Poesy PERL Se Pe yy Pee Eee a Te ee SS BBB eR Ram ROG weehueananneaeuna gra ee en BERBER eB SB eee Pe Re i ee a see ee Saw eet SI aeBaeeekeae Sm OMe aenrasae seen oe 
| | 
UA r1 MDL-ERR-IND(C) | | | | | | ) 


UA F=0 MDL-ERR-IND(D) 


DM Fe TX SABME Pel 


RESTART T200 
5.1 


MDL-ERR-IND(E) 
RC=O | | | | | 
DM F=0 TX SABME P=1 | 


RESTART T200 | | | | | | 


§.1 So eS ——_}-——. 


UI command DL-UNIT 
DATA-IND | | | 
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TABLE D-3/Q.921 (3 of 10) 


State transition table: receiving FRMR unnumbered frame with correct format 


om oR On Ob ae o> ene elk GE SO OR GR ARS OR On OD 8 eR 20 SD CRT ah BS GLEE OE EE EE ee Mh ER SR SR.2 OS OB GR Me wt OD 68 AON 08. £0 OR ott OD OE OE Ot A. eh ee OR AD ON ee ee oe ee OS On no Ae EEE ee OD 28 


BASIC STATE 





ae ae eee an ee ee OO PO Pe Pe eee Se ee’ SY Se ty YT 


TIMER RECOVERY 


PO EP OR OP 68 OD Oe 6B 08 OD OD 4D EO 8 68 & OS 8 OO OD OD 62 OS Of Ge 2b Gb oD OO an Oe an Ob On a <b ab a. ae om 00 om =D OO 28 aD 8 On on oh > me 8 ot ee ee ee OD OS AD OF AD OS ae OF OR OD OS OF A OD 1G OS AR OD OD Ob ER OO ae OE OD OP 0 8 BD OO OD OE Oe Om OD ott 28h ak OD Oe OS OD EO OD OD od 1 OD ED Oe OD Ob OD OD OD OS Oe GR OD eh OD ne Ce ee ee ee YS ee | 


TRANSMITTER CONDITION NORMAL NORMAL NORMAL NORMAL PEER REC. BUSY PEER REC. BUSY PEER REC. BUSY PEER REC. BUSY 
RECEIVER CONDITION NORMAL REJ RECOVERY own rec. susy | ‘-REJ and own NORMAL REJ RECOVERY OWN REC. BUSY .REJ and own 
pe aat a = e 7 ae a ee ee - 

CRISES CERMNRD DRC REA eN a TIRE ROR SSIS Kes SE a - as . p . ‘eeeeth, cereeh Ree TNS - Py y eee ere Gan se DS rs 7 cnn eto Ee se E08 a 28 OR OP On 2 os TE ee ee 





FRMR response / / 
rejecting SABME 


/ 
FRMR response / / / / Pies / / 
rejecting 0186 Reel 


oe | | | | | | 
rejecting UA 
rejecting OM 


FRMR response 
rejecting I command 





PRMR response 


rejecting S frame 
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TABLE D-3/Q.921 (4 of 10) 


State transition table: receiving RR supervisory frame with correct format, clearance of timer recovery if there is F = 1 only 


XANNV 


R2QVI“EASRAsAIuARRanwssg RABAKNrAsaw3 IBRRARUBSARVMWABI=NRARABMAARARBVAAAARABZARATNRRBZARE DARI A BR Ne Een eb hh tle ke Ek eh ol hell tele TL) Yt ot TY PTT Pee tT YY Ee eT Fer YP ee YT T ES?) f et 2S Pee ese. FE EY 


BASIC SYATe 
TIMER RECOVERY 


ow ae at AO Ot ee 8 ee ee om ®t Oe OD OD Ob Oe 08 08 0 ee ee ee oe 2 me tee re ee te ee ee ae we oe we ow in we Cee ee ao dy tem ote ei ee con eb te oe ome Ob om om ad <b On me Ob wed ee om Om ale mm ok om On om oe ae am ee om et o> em oe et os oe oe oD oe 


TRANSMERPLER CONDITION NORMAL NORMAL NORMAL NORMAL PEER REC. BUSY 
RECEIVER CONDITION NORMAL REI RECOVERY OWN REC. BUSY REJ and own NORMAL 
STATE NUMBER 8.0 8.1 8.2 8.3 8.4 
aeart22 2H BUMAABAMABAVwWBDBABAAASs Bsus aeRathae aS nwnm sw Suna tan estas RRB BABA Mew BRe oe 2S ae eee Grete Of me ot eee on af £2 Oe Shere ae ee eee 
RR command P= TX RR Pt TX PNR Ft | TX RAR PHI 
via) < wer) € vs) V(A)@N(R) V(AJNCR) @ | V(A)@N(R) 
| 8.0 


RR command P#0 V(A)©N(R) V(A)#N(R) 
via) Cucr) € v(s) 8.0 


RR response F#0 
via) wir) £ (8) 


V(S)=N(R) 
F=1 STOP T200 


V(S)=N(R) 
STOP T200 


V(S)"N(R) 
STOP 1T200 


V(S)=@N(R) 
STOP T200 
START 17203 START 1203 START 1203 START 17203 START 7203 
V(A)#@N(R) V(A)@N(R) V(A)=N(R) V(A)@N(R) V(A)=N(R) 
7.0 7.1 7.2 7.3 7.0 
TX RR Pel TX RNR Pe TX RR P= 
MDL-ERR-IND(J) MDL~ERR-IND(J) | MDL-ERR-IND(J) 
RC = 0 Rc = 0 RC = 0 
TX SABME P= 1 TX SABME Px} TX SABME P=1 
RESTART 1200 | RESTART 1200 RESTART 1200 
5.1 5.1 
MDL-ERR-IND(J) 


V(S)=N(R) 
RR response STOP T200 


v(a) < n(n) & vis) 


RR command p= 1 
N(R) error 


RR comnand P= 
N(R) error RC = 0 | 
TX SABME P=} 
RESTART T200 | 
icp ele qe 
RR response’ F=#0 
N(R) error | 
| 


RR response Fe! 
W(R) error 


| 
| 
| 


> 20 an ot am Ge & ow an oo ow ot = mes 


PEER REC. BUSY 


REJ RECOVERY 


Ce EP Ses 2h He cies we a eee - 


8.5 


TX RR PHI 
v(a)=N(R) 
8.1 


V(A)@N(R) 
8.1 


V(S)@N(R) 
STOP 1200 
START T2023 
V(A)=N(R) 
7.1 





2 we oe ew on wm On ow oe oe oe OD om Ot Om Ge ot om th ae te th on ee oe 


PEER REC. BUSY PEEK REC. BUSY 


<<. at ae On Om ab oe ot oe ow ae oe we ot oe ee 


OWN REC. BUSY REJ and own 
casdetemanuencear ce  OUSY 
8.6 68.7 
TX RNR Pel TX PNR Fl 
V(A)*N(R) V(A)@N(R) 
B.2 8.3 


V(A)@N(R) V(A)eN(R) 
8.2 8.3 


—_ == oe ee eee 


V(S)=N(R) 
STOP T7200 


V(S)=N(R) 
STOP 1T200 
START 1203 START T2023 
V(A)@=N(R) V(A)@N(R) 

7.2 7.3 
TX RNR Fel ' 
MDL-ERR-IND(J) 
RC = 0 | 
TX SABME P=1 
RESTART T200 | 

5.1 


Sol 


TABLE D-3/Q.921 (5 of 10) 
State transition table: receiving REJ supervisory frame with correct format, clearance of timer recovery if there is F = 1 only 


DASIC STATE 
TIMER RECOVERY 








TIRANSMHITLPER CONDITION NORMAL NORMAL NORMAL NORMAL PEER REC. BUSY | PEER REC. BUSY| PEER REC. BUSY| PEER REC. BUSY 
RECEIVER CONDITION NORMAL REJ RECOVERY OWN REC. BUSY REJ and own NORMAL RP.J RECOVERY OWN REC. BUSY ‘REJ and own 
er tt ee REC busy SE OE OR OS NS OTS tan Oe ee OE RE OE WE EE OR Ge OD Oe a OOD Oh NR Oe OLED GOORIN Ne GAER we Onhoe oF Ot REC DUSY anonmmanen 
STATE NUMBER 8.0 8.1 8.2 a.3 8.4 8.5 8.6 8.7 

PPPErTrrrrrrrerrety ttt ee er er ee = . : 
. | I 
REJ command P= TX RR Pet TX RNR F#t TX RR Pl TX RR rt TX PAR Pt TX FUR Pet 
V(A) 4 N(R) 4 v(S) V(A)=N(R) V(A)#N(R) V(A)@N(R) V(A)=N(R) V(A)=N(R) V(A)@|N(R) 
8.0 8.1 8.2 8.3 
4 































REJ command P= V(A)=@N(R) 


via) 4 ner) & vs) 


V(A)@N(R) 
6.0 


V(A)=N(R) 
6.1 


V(A)“N(R) 
8.2 


V(A)@N(R) 
8.3 









REJ response F*0 
va) nr) & vis) 














































V(S)=V(A)#N(R) V(S)#@V(A)#N(R) V(S)=V(A)#=N(R) V(S)#V(A)#N(R) V(8)=V(A)=N(R) 





V(S)=V(A)@N(R) | V(S)=V(A)=N(R) | V(S)=V(A)=N(R) 



























REJ response P=! STOP T200 STOP 1200 STOP 7200 STOP 1200 STOP 7200 STOP 1T200 STOP 1T200 STOP T200 
v(a) 4 N(R) 6 VCS) START 1203 START 1203 START 17203 START 7203 START 1203 START 1203 START 17203 START 7203 
7.0 7.1 7.2 7.3 7.0 7.4 7.2 7.3 











































REJ command P=} TX RR Fel ‘ TX RNR Pet TX RR Pi TX RNR FPe{ 
N(R) error MDL-ERR-IND(J) | MDL—ERR-IND(J) MOL~ERR-IND(J) | MDL-ERA-IND(J) 
RC = 0 Po = 0 RC = 0 PKC = 0 | 







T™ SABNE pP=1 | 
RESTART T200 | 
5.1 


TX SABME P14 | 

RESTART 7T200 
5.1 

MDL-ERR-INO(J) ' 

Rc = 0 

TX SABME P=1 

RESTART T200 


TX SABME P=1 
RESTART T200 
5.1 


TX SABME p={ ' 
RESTART T200 
5.1 











REJ command P-0 


N(R) error 





REJ response 
N(R) error 





REJ response 
N(R) error 
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TABLE D-3/Q.921 (6 of 10) 
State transition table: recciving RNR supervisory frame with correct format, clearance of timer recovery if there is F = 1 only 


xe SRN BVSSARABDHe sAeoeRABKBSDSCDSKAVBVMBRHKALAAABRAMABCBDSBAA HVE AABARRAARAARARABRRABABA MR AenKnKan ek Gs AD oO OD OD FR TR OM Ge OA Ore OE Ok OE OR Gh GE GE Oh GD OS ood OE RAD SE OS OD OO BOON OP Oe WR OR OR OP OR OS OR BR ED 08 28 ORE ET BO GS SS SP OR OD OP BE SR OD OD 8 M0 OD OE BE DS Oe SF On 08 2S hE 98 OE OE ES Oe OS 


BASIC STATE 
TIMER RECOVERY 





TRANSMI'PPER CONDITION NORMAL NORMAL NORMAL NORMAL PEER REC. BUSY PEER REC. BUSY PEER REC. BUSY PEER REC. BUSY 


2 ae he On tae Od ae ON bm GD Om OD a8 EE Mh Ob 4D ab OD EE OD OD 4D Mtb On Ob 0G on Om at OD OD OD a OD Ob Oh OO oe oD am oe oe <P 688 > OD DO Oe tee om oe eh Oe en ie Ck kk ee ee ee ee ee ee ee ee eo ee | oad Ome ae th oe ee Om oe OE om Oe me Om ot oe ad en > Se OD Oe Oe 9 we at ee OP oe OO Oe Om Gt tp 8 ot ee OD oO OD ae 8 oe oe Op ht 8 Ot Oe OS om oh Oe 20 em hn le em 


RECEIVER CONDITION NORMAL REJ RECOVERY | OWN REC. BUSY REJ and own NORMAL REJ RECOVERY | OWN REC. BUSY REJ and own 
STATE NUMBER 8.0 8.1 8.2 8.3 8.4 8.5 8.6 8.7 
| 
RNR command P=! TX RR Ft TX RR «1 . TX RNR Pd TX RNR PHI TX RR P=} TX RNR Ft 
via) < nr) & V(s) V(AD@N(R) V(A)@N(R) VCAJENCR) V(ADENCR) V(A)@N(R) V(A)=N(R) 
B.4 8.5 8.6 8.7 
























V(A)@N(R) V(A)=N(R) 


8.6 


RNR command PO 
via) 4 ncn» < vs) 


V(A)#N(R) 
8.5 












RNR response F#0 
via) { wir) £ v(s) 








































V(S)=N(R) 
RES'TART T200 
V(A)=N(R) 


V(S)]N(R) 
RESTART 17200 
V(A)EN(R) 


V(S)°N(R) 
RESTART 1200 
V(A)eN(R) 


V(S)=N(R) 
RESTART T200 
V(A) N(R) 


V(S)#N(R) 
RESTART 1T200 
V(A)eN(R) 


V(S)=N(R) 
RESTART 1200 
V(A)@N(R) 


V(S)@N(R) 
RESTART 1200 
VIA) @N(R) 


V(S)=N(R) 
RESTART 1200 
V(A)@N(R) 


























RNR response Fel 
via) { nivy € ves) 









7.4 7.5 _ 7.6 7.7 7.4 7.5 7.6 7.7 

























RNR command p= 1 TX RR Fel TX RNR Pel TX RR Feil TX RNR Fe ‘ 
N(R) error MDL=<-ERR-IND(J) MDL-ERR-IND(J) | MOL-ERR=-IND(J) MDL-ERR-INO(J) | 
Rc = 0 Ro = 0 ro = 0 


RC = 0 l 
TX SABME P-{ 


TX SABME Pe! 
RESTART T200 
5.1 


Tx SABME pat | 
RESTART 7200 | RESTART 7200 
5.1 5.1 | 
MDL-ERR-IND(J) |, | 
RC = 0 
TX sADHE pat | | | | | 
RESTART 7200 | 
5.1 





RESTART T200 


| 

{ 

TX SABME pel | 
5.1 | 

















RNR command P=0 


N(R) error 


RIK response 
N(R) error 









RNR response 
N(R) error 
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TABLE D-3/Q.921 (7 of 10) 


State transition table: receiving I command frame with correct format acknowledging all outstanding I frames or containing 
an N(R) which satisfies V(A) < N(R) < V(S); no clearance of timer recovery 


MAA M PRM BBM BSARSAABWsSs see vwnnaaena 


BASIC STATE 


2 3 St we we 8 oe 22 =o 2 ee Oe Oe oe Oe St Se MEM AR AMAR MRA LAN SARABANDE RMRABARATANRARARBRBARBSTMANRR ARB MARARAM sSRRBAABRAVHK AABABIAsRAA ARNIS AB 


TIMER RECOVERY 


oe ee a Ob ee OO OD Oe om oe om ain OD ob ae UD at nO i a ae oe on ae te Ot am On ae Oe ae oe OD ee ae oe ie ee ee ee ee 0 ots ee an 08 OD 8 om ow OF we 6 oe Om on 6 8 oe ee oe ws a oe Om oe oe nw oe oe ow ww ee ee ee Se ee se PO ee ee eee 


LOT 


‘TRANSMITTER CONDITION NORMAL NORMAL, NORMAL NORMAL PEER REC. BUSY] PEER REC. BUSY] PEER REC. BUSY] PEER RUC. HuUSY 

RECEIVER CONDITION NORMAL REJ RECOVERY OWN HEC. BUSY RtJ and own NORMAL REJ RECOVERY OWN REC. BUSY ‘REJ and own 
PTT eETTTITITITILLELL TET rTLee Sk 8 ee ee 8 Leal te ee ee oY Sea Ananti dium anaunaanu nm - wt REC DUS Y meena’ te 2h OE Oe Oh 8 eee oe et oe Let eee SY ES OE SHORE BaARwaenasits 2 a2: REC busy 

STATE NUMBER 8.0 a. 8.2 8.3 8.4 8.5 8.6 8.7 
1 os oe one ee SO ee OO oe ce 2 eS a ee ot - eovsneen 2 wee me Se 208 me Ee De 8 We ee es ~ 9 En ee Ot 2 8 08 ot On ek OO et 2 ee Pe Oe 2 OO Re 22.28 Chan OS Minh th ebe wE sh oh Phe CEs, Sete 48. 8s we Pe wt oh oe SE Oe es OO ee Ot oe oe of oe OM oe (e-Peo-7 FS. eee es 2 ee Ee Fe 

| | 
V(R)@V(R)+1 V(R)eV(R) +1 "DISCARD" V(R)@V(R) +1 V(R)aV(R)+1 "DISCARD® 

I command P= { DL-DATA~IND DL~DATA- IND TX RNR FH l DL=PATA-1ND DL-DATA-IND TX RNR Fet | 

w(S) = V(R) TX RR P=t TX RAR PHI V(A)@N(R) TX RR F=1 TX RR P=1 V(A)®NCR) 

wcR) = V(S) V(A)=N(R) V(A)=NCR) | V(A)@N(R) V(A)=NCR) 

8.0 8.4 


1 cuynmoncl P=0 
(Sy @ VCR) 
H(R) = V(S) 


I command p= 4 
K(S) #@ VCR) 
N(R) = V(S) 


I command 
N(S) #@ V(R) 
N(R) = V(S) 


I conmand Pe { 
h(S) « VOR) 
v(ar4n(r)<v(s) 


I command P=0 
“%(S) @ VCR) 
va) <ycr)4v(5) 


I command pel 
N(S) # V(R) 
Vian Sner) Svs) 


I command P=0 
N(S)) # V(R) 
way Sacer Svcs) 


V(R)@V(R)+1 
DL-DATA~IND 
TX ACK 
V(A)@N(R) 


“DISCARD® 

TX REJ Pet 

V(A)@N(R) 
6.1 


“DISCARD" 

TX REJ FeO 

V(A)@N(R) 
8.1 


VIR)@V(R)+1 
DL-DATA~IND 
TX RR Fwt 
V(A)@N(R) 


V(R)=V(R)+1 
OL-OATA~INO 
TX ACK 
V(A)@N(R) 


“DI SCARD® 

TX KEJ Fel 

VC A)@N(R) 
8.1 


"DISCARD*® 

TX RET #0 

V(A)@N(R) 
8.1 


V(R)=V(R) +1 
OL-DATA-1ND 
TX ACK 
V(A)@N(R) 
8.0 


"DISCARD" 
TX RR Fel 
V(A)@N(R) 


“DISCARD* 
V(A)@N(R) 


V(R)ev(R)+1 
DL~DATA-IND 
TX RR Fl 
V(A)#N(R) 
8.0 


V(R)#VC(R)+1 
OL-DATA~IND 
TX ACK 
V(A)@N(R) 
8.0 


*DISCARD" 
TX RR 1 
V( Ae R) 


“DISCARD” 
V(A)@N(R! 


*DISCARN" 
V(A)=N(R) 


*"DISCARD* 
TX RNR Fel 
V(A)@N(R) 


"DISCARD" 
TX RNR Fel 
V(A)@N(R) 


*DISCARD*® 
V(A)@N(R) 


"DISCARD" 
TX KNR Fel 
V(A)@=N(R) 


V(R)#V(R)+1 
DL-DATA~IND 
TX RR FeO 
V(A)#=N(R) 


"DISCARD 

TX REJ Pet 

V(A)®N(R) 
8.5 


*DISCARD® 

TX RES PHO 

V(A)@N(R) 
8.5 


V(R)@V(R) +1 
DL~DATA-IND 
TX RR FHI 
VCA)@N(R) 


V(R)=Vv(R)+1 
OL-DATA-IND 
TX RR PO 
V(A)@N(R) 


*DISCARD® 

TX RED Fel 

V(A)@N(R) 
8.5 


“DISCARD” 

TX REJ FeO 

V(A)*NCR) 
8.5 


V(R)eV(R)+1 
DL-DATA~IND 
TX RR F=0 
V(A)=N(R) 
8.4 


"DISCARD* 
TX RR FH! 
V(A)@N(R) 


"OISCARD" 
V(A)=N(R) 


V(R)#V(R)+1 
DL=-DATA=-IND 
TX RR Pel 
V(A)@N(R) 
8.4 


V(R)@V(R) +1 
OL~DATA-IND 
TX RR FO 
V(AyeN(R) 
8.4 


“DISCARD” 
TX RR Fel 
VCA)=N(R) 


*DISCARD" 
V(A)@N(R) 


"DISCARD" 
V(A)=N(R) 


"DISCARD® 
TX RNR Fel 
V(A)=@N(R) 


“DISCARD" 
TX RNR PHt 
V(A)@N(R) 


"DISCARD" 
V(A)#N(R) 


“DISCARD” 
TX RNR Fel 
V(A)=NCR) 
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TABLE D-3/Q.921 (8 of 10) 


State transition table: receiving | command frame with correct format containing an N(R) which satisfies V(A) = N(R) < V(S), or an N(R) error 


ee EE ee tke teates leita ieee etek kettle ltt tt FS et FY Yt tt Y-\f ty YL ee ee veer ye ry reer rrr ert Te PT TET TEEPE PTCEPerrrrTTreerececrrer 
BASIC SPATE 
TIMER RECOVERY 


So OS OO ON OD AD Oe ee A OED Oty a em A OD eh Sh ae SE om we ED OD A Om th OD a am Om am oth Ai we OO Oe eee OE ae Oe we OS OS Oe ee Oe oe Oe ob OS OE om OO oe ae On ah we om om 20 60 am oe om nn om on om oe oe 8 ee ot oe Be oe on oe oe 08 0 oe oe ow oe 8 om om we Cele nel el ee ee ee ee ee ee 


TRANSMITLER CONOLTION NORMAL NORMAL NORMAL NORMAL PEER REC. BUSY PEER REC. BUSY PEER REC. BUSY PEER REC. BUSY 
RECEIVER CONDITION NORMAL REJ RECOVERY | OWN REC. BUSY REJ and own NORMAL REJ RECOVERY | OWN REC. BUSY REJ and own 
BREeseweaer cA 2a SAABARABRIAAS KAR Ast swApANMA- At BRAD AM: a Mm Oe 8 OS A et Ot Ot OE 8 ot 2 ke Oe ot Oo REC DUS monaee 2 ETRE TO ok oh Oh AE Th MA On OR Oe OO cI MGR 28 Th 2A OS OB BE OE ORE OD 2 EE om fC we MEER at ee OD BD on OD OD cn On ee FD OH Yt REC busy 
STATE NUMBER 8.0 8.1 8.2 6.3 8.4 8.5 8.6 8.7 
BSA Asse St AeA See Se ALARA RARE EMBs BR 2RABVRAIARBZBBANMHnI A Pe Sarees 8 2 Oe ee OP ee Oe ere ee eee rh 28 wus Oh GE of CE Bh. ME OB Se CE Oe oe OS 8 oe a ee ke ae me 8 ee OD aes wheres rene te es oS gf at Ob Genet Bh ee eb at wir OE ee a mw mh 2 ee oe ee 
I command P= 1 V(R)#=V(R)+1 V(RJAVER) +) *"OISCARD" ' V(R)aV(R) +1 V(R)@V(R)+1 "OISCARD* : 
a(S) = VCR) OL-OATA~IND DL-DATA~IND TX RNR Ft DL-DATA-IND DL-DATA-IND TX RNR Fx | 
V(A)@=N(R)4V(S) TX RR Pet TX RR Fel TX RR Fel TX RR Fel 
8.0 6.4 












P=0 V(R)=V(R)+1 
DL~-DATA~IND 


TX ACK 


V(R)@V(R)4+1 
DL-DATA-IND 
TX ACK 


I comnand 
(Ss) = V(R) 
V(A)@n(R) 4v(S) 
















VCR)#V(R)+1 
DL-DATA=IND 
TX RR FO 











V(R)@V(R) +1 
DL-DATA-IND 
TX RR PO 

68.4 
“DISCARD” "DISCARD" 
TX RR Pel TX RNR Ff 






| 
| 
| 


"DISCARD® 





0.0 
*“DISCARD" 
TX RR Fel 















"“DISCARD* 
TX REJ Fel 

6.1 
"DISCARD" 
TX REJ F#0 

6.1 
V(R)=V(R)+1 


P= “DISCARD” 


TX RNR Pel 


I command 
tS) # VCR) 
ViA)=N(R)V(S) 
I comnand P=Q 
N(S) # VOR) 
vcapyen(ny4v(s) 




















"DISCARD" 
TX REI FO 

8.5 
V(R)#V(R) +1 











































“DISCARD” 





y 
"DISCARD" ' 












“DISCARN" 






































1 command = P=" DL-DATA-IND | TX RNR Pmt | DL-DATA-IND 
NCS) = VOR) TX RR EWI MDL-ERR-IND(J) | TX RR Pt MDL-ERR-IND(a) | 
t(R) error MDL-ERR-IND(J) | RO» 0 MDL-ERR=IND(J) RC = 0 
RC = 0 TX SABME pH={ | RC = 0 | TX SABME Pot 
ax sasme pet | 


TX SABME Pe 
RESTART T200 
5.1 
V(R)eV(R)+1 | 
DL~-DATA-IND 
jae 
RC = 0 
TX SABME Pel | 
RESTART T200 
Sedat 
"DISCARD" 


RESTART T200 l RESTART T200 
RESTART T200 | 
5.1 
V(R)=V(R)+1 
NL-DATA-IND 
MDL-ERR-INO(J) | 
Rc = 0 

TX SADME Pet l 
RESTART T200 

5.1 
"DISCARD" 








5.4 
*DISCARD® 
MDL-ERR-IND(J) | 
RC = 0 

TX SABME Pet | 
RESTART 1200 


5.1 
“DISCARD” 
MDL-ERR-IND(J) 
RC = 0 

TX SABME Pi 
RESTART 1T200 
































I command P=6 
N(S) = V(R) 
Q(R) error 























5.1 
“DISCARD” 


5.1 
“DISCARD” 






























"DISCARD" "DISCARD" 










1 command _—wP= I TX REI Pet TX RR Fw I TX RNR Fel TX RES Pt TX RR PH TX RNR FW | 
KOS) # VCR) MDL-ERR=IND(J) | MDL-ERR-IND(J) | MDL-ERR-IND(J) MDL-ERR-IND(J) | MDL-ERR=IND(J) | MDL-ERR-IND(J) | 
N(R) error RC = 0 Rc = 0 RC = 0 | RO = 0 nce 0 Rr - 0 






TX SABME P=} 
RESTART T200 | 
5.1 


TX SABME P=} 
RESTART 7T200 
5.1 


TX SABME pe{ 
RESTART T200 
5.1 


TX SABME Pe» 
RESTART T200 
5.1 


TX SABME Pei 
RESTART T200 
5.1 


TX SABME P-1 
RESTART T200 
5.1 











“DISCARD" "DISCARD" | “DISCARD" "DISCARD" 
I command P=0 TX REJ F=0 MOL-ERR-IND(J) | TX REI Feo MDL-ERR-IND(J) 
NCS) #@ VOR) MDL-ERR-IND(J) | RCO » 0 | MDL~ERR-IND(J) RC = 0 | | 
N(R) error RC # OU Tr SABE P=! ; kC = 0 TX SABME P= 1 | 
‘TX SAUME p= 1 RESTA T200 TX SAME Ped RESTART T200 
RESTART -P200 | \ RESTART 1200 ] 
5.1 5.4 5.1 5.1 | 





nee ee aeamaeammend 
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TABLE D-3/Q.921 (9 of 10) 


State transition table: internal events (expiry of timers, receiver busy condition); initiation of a re-establishment procedure 
if the value of the retransmission count variable is equal to N200 


Pv Ye a ; 20 0 GE GE 8 ESE AE EE OH OO Ok OL SD Oe Se ak a PS Oe oe OE Oe EO Oe OE ON 2 OS he ES Ok OD FI we GD OE SD OE OF ON UE ee SD 2 we 2S 28 OE Oe OR Oe RD AE Oe Oe Oe On 
BASIC STATE 
TIMER RECOVERY 














TX RR Pm 
RO = FC+I 
START T200 


T7200 TIME-OUT 
rc 41200 
V(A) = V(8) 












TRANSMITTER CONDITION NORMAL NORMAL NORMAL NORMAL PEER REC. BUSY| PEER REC. BUSY | PEER REC. BUSY| PEER REC. BUSY 
RECEIVER CONDITION NORMAL REI RECoveRY | own rec. Busy | :'REJ and own | NORMAL rey recovery | own rec. susy | i REJ and own 
SO Or Sn OD 68 OD 20 OO 28 2 Ok Oe OS ee EO ee 08 a Os a ee eee wee 8 BOSD ee Bsn a0 Cree £2 Crt es ae on Ares oe s REC busy yoo Oe a OP OE SE whe Oe OR Oe ee n rs @qmas 1 re Oh ae LP ae GP Oe ie OE ee Be ae 32ma REC busy 
22 Mrenes Of ne 2 oes eee Ob Oe OO Te ee Se Oe 28 2 STL te ee SPUEEEE 8. SR 2D 2 Oe 08 Oh ee on Sreees Glia Sore ee 2 eter oes ee i ire. weeks, st os oF Oren - . . rag eGon SS rte 86 seat shee os Se oe 0 ee ee ee 
| . 
oither either | TX RR P#l TX RNR Pt | 
v(s)ev(S)=1 vis)=v(s)-1 RO*RC+1 | RC@RC+1 
™ I pal | ™ 1 1 | START 1200 START 7200 
v(S)=v(s)+1 vis)=v(s)+1 | 
T7200 TIME-OUT or | or | 
rc <n200 TX RR PH | TX RNR P=1 | | 
via) <v(s) then then | 
RC=RC+1 | ROE RC+ 1 | | 
START T2000 | START T200 | | 
, | 
{ 
| 

















5.1 ' 


SET TX RNR F0 TX RNR FO TX RNR F#0 TX RNR F*=0 
OWN RECEIVER BUSY (Note) 8.2 6.3 8.6 6.7 
CLEAR TX RR Feo TX RR FO TX RR FO TX RR F=0 
OWN RECEIVER BUSY (Note) 8.0 6.1 6.4 8.5 


Note — These signals are generated outside the procedures specified in this state transition table, and may be generated by 
the conneciton management entity. 


\ 
MDL~ERR-IND (I) { | | | 
T7200 TIME-OUT RC=0 | 
RC = N200 TX SABME p=} . | { 
START 1200 l } | 
| { | 





XHNNV 


69T 





; TABLE D-3/Q.921 (10 of 10) 
State transition table: receiving frame with incorrect format or frame not implemented 


we bese SOM R SSB A RS CS Asst rMsyWBeLUNAMewAsansseruwasnKM ST sss IPM SNS SRS eK STUN Mee ar AAR AAT KA Ne EB KH AAAI NAAN Ee AIH AAPA AT HARA AEA ABABA ASE AAS HAAS AIA = = = 
a i i a ie a En 


BASIC STATE 












TRANSAITLER CONDITION NORMAL NORMAL NORHAL PEER REC. BUSY PEER REC. BUSY PLER REC. BUSY 
RECEIVER CONOITIO NORMAL OWN REC. BUSY REJ and own NORMAL REJ RECOVERY REJ and own 
fe edt DD ecee tee Se ee eS ee hs SS ED BS Be aed a 2 ae So ee eed ee ee ee ee as: REC DUS Vite Pf 2-2 -C-t 2-i-— eo 2 02 tS PSE 0-8 te 0-8-2 -E- od Se SE 0S Se 8 aR EEE: REC BUSY accion, 
STATE NUMBER 8.0 8.2 6.3 8.4 8.5 8.7 
| ~~ ge ay Ae BS —S-——o  —  B E ED ee BP oe Be be a a ne ee Boe ene ee oe ow 2 ee 2 Bom Ermer a am Bano Be Boren 2 oom et ee ot oe oe ee ee Oe ee poi = BS oe - 2 bp Bo ee. eo BY i F- > S---ko-o 6S 2 Oo S-8 2-8-0282 Do bd 8 a ne ee 2 Sk Bd 
MDL-ERR-IND(t) ' | | 
RC = 0 | | | 
SABME incorrect length TX SABME P=1 | | | | 
RESTART 1T200 l | 
| | | | 
5.1 | 
he gaeteg RE Dh cans chy ae a 2s cs Sa, ee td By ene ee flees vr ee BS eat dens, es es, cells ete es 
DISC incorrect length | | l 
| | , 
UA incorrect length l | 
| | | | | | 
| ee Py Ge! Pens wees ee Pe, Cas Sars eer OR, “— oF eet ae os See eG nae RS a oe 
DM incorrect length | | | 
| | | 
| | | | | 
FRMR incorrect length | ! | 





Supervisory frame 
RR, REIT, RNR 
incorrect length 







MDL-~ERR-IND(O) 
RC = 0 | ' 
TX SABME P=1 | 
RESTART 1T200 | | 

5.1 | 














NeoOl error 










MOL-ERR-IND(L) 
RC = 0 

TX SABME P=1_ | 
RESTART T200 








Undefined 
command 
and response frames 













5.1 


MDL-EMRR-IND(M) 
Rc = 0 

TX SADME P=! 
RESTART 1200 








I field not 
permitted 






5.1 






APPENDIX 1 


(to Recommendation Q.921) 


Retransmission of REJ response frames 


‘re Introduction 


This appendix describes an optional procedure which may be used to 
provide a reject retransmission procedure. 


T.2 Procedure 


This optional reject retransmission procedure can supplement the 
Q.921 LAPD protocol by defining a new variable for multiple frame operation 
(8 3.5.2), and by modifying the N(S) sequence error exception condition 
reporting and recovery (8 5.8.1). 


igs Recovery state variable V(M) 


Each point-to-point data link entity may have an associated V(M) 
when using 1 frame commands and supervisory frame commands/responses. V(M) 
denotes the sequence number of the last frame received which caused an N(S) 
sequence error condition. V(M) can take on the value 0 to 127 and may be 
used to determine if another REJ response frame should be sent on receipt of an 
N(S) sequence error while in the REJ exception condition. 


Lice ne N(S) sequence error supplementary procedure 


The first three paragraphs of 8 5.8.1, N(S) sequence error, 
apply. The remainder of the section if as follows: 


The REJ frame is used by a receiving data link layer entity to 
initiate an exception recovery (retransmission) following the detection of an 
N(S) sequence error. The receiving data link entity shall set V(M) to the N(S) 
Sequence number which caused the N(S) sequence error condition. 


Only one REJ exception condition for a given direction of information 
transfer shall be established at a time [that is, all REJ frames must have the 
same N(R) value until the REJ reception is cleared]. 


A data link layer entity receiving an REJ command or response shall 
initiate sequential transmission (retransmission) of I frames starting with the 
I frame indicated by the N(R) contained in the REJ frame. 


A REJ exception is cleared when the requested I frame is received or 
when SABME, or DISC is received. 


If an N(S) sequence error exception occurs when the receiving data 
link layer entity is in the REJ exception condition, then check the N(S) of the 
received frame to see if the data link layer entity which received the REJ 
frame has retransmitted in response to the REJ frame {i.e. is N(S) within 
the range LV(R)+1SN(S)sV(M)J}. If the N(S) of the received frame is within 
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the above range, then send another REJ response frame, issue an 
MDL-ERROR-INDICATION primitive to the connection management entity, and set 
V(M) equal to N(S). The transmitting side will not need to wait for timer T200 


to expire before it can retransmit the lost frame. 


If an N(S) sequence error occurs when the receiving data link layer 
entity is in the REJ exception condition, and it cannot be determined if the 
data link layer entity which received the REJ frame has retransmitted in 
response to that frame [i.e. if N(S) > V(M)J, then set V(M) equal to the N(S) 


of the received frame. 
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APPENDIX II 
(to Recommendation Q.921) 


Occurrence of MDL-ERROR-INDICATION 
within the basic states and actions 
to be taken by the management entity 


hg Introduction 


Table II-1/Q.921 gives the error situations in which the 
MDL-ERROR-INDICATION primitive will be generated. This primitive notifies the 
data link layer's connection management entity of the occurred error situation. 
The associated error parameter contains the error code that describes the 
unique error conditions. Table II-1/Q.921 also identifies the associated 
connection management actions to be taken from the network and the user Side, 
based on the types of error conditions reported. 


This appendix does not incorporate the retransmission of REJ response 
frames described in Appendix lI. 


Tee Layout.or Table T1-170.921 


The "Error code" column gives the identification value of each 
error situation to be included as a parameter with the MDL-ERROR-INDICATION 
primitive. 


The column entitled “Error condition" together with the "Affected 
states" describes unique protocol error events and the basic state of the data 
link layer entity at the point that the MDL-ERROR-INDICATION primitive is 
generated. 


For a given error condition, the column entitled "Network management 
action" describes the preferred action to be taken by the network management 
entity. | 


The column entitled "User management action" describes the preferred 
action to be taken by the user side management entity°on a given error 
condition. 


Lies Preferred management actions 


The various preferred layer management actions on an error 
Situation may be described as one of the following: 


a) Error log 


This suggests that the network side connection management entity 

has the preferred action of logging the event into an error counter. 
The length and the operation of the counter mechanisms for the error 
Situations is implementation dependent. 


b) TEI check 


This means that the network side layer management entity invokes 
the TEI check procedure. 
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Cc) TEI verify 


This means that the user side layer management entity may 
optionally invoke a TEI verify request procedure that asks the 


network side layer management entity to issue a TEI check procedure. 


d) TEI remove 


This means that the user side layer management entity may directly 
remove its TEI value from service. 


In most of the described error situations, there 1S either no 
action to be taken on the user side layer management or the action to be taken 
is implementation dependent, as Table I1-1/Q.921 shows. "Implementation 
dependent" means that it is optional whether the user side layer management has 
incorporated any form of error counter to log (store) the reported event. If 
action is taken, the layer management has to take into account that the data 
link layer will have initiated a recovery procedure. 
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TABLE II-1/Q.921 


Management Entity Actions for MDL Error Indications 














Affected 
states 


(See Note 1) 









Network 
Menegement Action 


User 


Menegement Action 














TEI removal procedure or 
TEI check procedure; 
then, if TEI: 


— free, remove TE] 








TEI identity verify procedure 









OI 






— single, no action 







— multiple, TEI removal remove TE] 


procedure 


Receipt of DM Error | Erorlog | implementation dependent 
response (F = 0) 


implementation dependent 







initiated 


re- 
establishment 


TEI check procedure; 
then, if TEI: 









n 




















-~o=n TEI identity verify procedure 
25 — free, remove TEI 

fr = — single, error log or 

ve g — multiple, TEI removal remove TE] 

= a iS procedure 

jw) 


N(R) Error | implementation dependent dependent 


FRMR response 
Receipt of non- 
& implemented frame en ‘ —C 
Receipt of I field 6.6.7 rear 
Error tation dependent 


cs ee : ees 4,5,6,7,8 | Errlog | implementation dependent 
ee 


Note 1 — For the description of the affected states, see Annex B. 


.Other 


Note 2 — According to § 5.8.5, this error code will never be generated. 
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(to Recommendation Q.921) 


Optional basic access deactivation procedures 
pe a ea Introduction 


This appendix provides one example of a deactivation procedure 
which can be used by the network side system management to control deactivation 
of the access. Figure I1I-1/Q.921 provides a conceptual model of the 
interactions which are required for this deactivation procedure. 









SYSTEM HIGHER LAYERS 


MANAGEMENT 


MONITOR 


DEACTIVATION 
PROCEDURE 


T1101560—86 


FIGURE III-1/Q.921 


Conceptual model of the interactions for an 
Example Deactivation Procedure 
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Lia Description of the Conceptual Model 


The monitor function uses layer 2 activity as the basis for 
establishing whether deactivation of the access can take place. The signal 
INFORMATION is used to report the layer 2 activity in the following 


Manner: 


a INFORMATION (FREE) indicates that there is no data link 
connection in the multiple-frame mode of operation; 


- INFORMATION (IN USE) indicates that there is at least one 
data link connection in the mode-setting or multiple-frame mode 


of operation; and 


_ INFORMATION (UNIT DATA) indicates that a UI frame is about 
to be transmitted, or has just been received. 


Within the data link layer entity the 
DL-ESTABLISH-REQUEST/INDICATION primitives and DL-RELEASE-INDICATION/CONFIRM 
mark the duration of the multiple-frame mode of operation, and the MDL/DL/UNIT 
DATA-REQUEST/INDICATION primitives mark the transmission and reception of 


Ul frames. 


A signal Status is uSed to represent the ability of higher layers to 
enable or disable the deactivation procedures: 


= STATUS (ENABLE) deactivation procedures enabled; and 
= STATUS (DISABLE) deactivation procedures disabled. 


The MPH-DEACTIVATE-REQ, MPH-DEACTIVATE-IND and MPH-ACTIVATE-IND 
primitives are used as described in 8 4. The definition and usage of these 
primitives are also described in Recommendation 1.430 [4] which specifies 

layer 1. 


Since, in Recommendation 1.430, the usage of the MPH-DEACTIVATE-IND 
primitive is an implementation option, two cases of deactivation are described 
below. 


8 III.3 provides a description of the deactivation procedure when 
the MPH-DEACTIVATE-IND primitive is delivered to the system management entity. 


3 III.4 provides a description of the deactivation procedure when 
the MPH-DEACTIVATE-IND primitive is not delivered to the system management 
entity. 


Note— These procedures require that all layer 3 entities making use 
of the acknowledged information transfer service, must release the data link 
connection at an appropriate point after the completion of the information 
transfer. 





ie aes Deactivation procedure with MPH-DEACTIVATE-IND 


This deactivation procedure makes use of the MPH-DEACTIVATE-IND 
primitive to provide an option of layer 1 implementation. 
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States: 
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Figure III-2/Q.921 provides a state transition diagram of the 
deactivation procedure with the MPH-DEACTIVATE-IND primitive. 


This deactivation procedure can be represented by six 


State 


State 


State 


State 


State 


State 


These 


1 Information transfer not available and free; 
(No info xfer and free) 


2 Information transfer available and free; 
(Info xfer and free) 


3 Information transfer available and in use; 
(Info xfer and in use) 


y Information transfer not available and in use; 
(No info transfer and in use) 


2 Information transfer interrupted and free; 
(Info interrupted and free) 


6 Information transfer interrupted and in use; 
(Info interrupted and in use) 


six states are described as follows: 


State 1 represents the state where the access 1S assumed to be 
deactivated and no data link connections are in a mode setting or 
multiple-frame mode of operation. 


State 2 represents the state where the access is activated and no 

data link connection is in a mode setting or multiple-frame mode of 
operation. Timer TMO1 is running, and upon its expiry, if deactivation 
1s enabled, then an MPH-DEACTIVATE-REQ primitive may be issued to 
layer 1. The access is then assumed to be deactivated. 


State 3 represents the state where the access is activated and at 
least one data link connection is in a mode setting or multiple-frame 
mode of operation. 


State 4 represents the state where the access is regarded as being in 
an transient state (neither deactivated nor activated) and at least 
one data link connection is in a mode setting or multiple-frame mode 
of operation. LThis state can be entered, for example, due to the 


arrival of an INFORMATION (IN USE) signal before an MPH-ACTIVATE-IND 
primitive. ] 


State 5 represents the state where the access is regarded as being 

in a transient state (neither deactivated nor activated) and no data 
link connection is in a mode setting or multiple-frame mode of 
operation. Timer TMO1 is running and upon its expiry, if deactivation 
is enabled, then an MPH-~DEACTIVATE-REQ primitive will be issued to 
layer 1. The access is assumed to be deactivated. 


Timer 


APPENDIX 


State 6 represents the state where the access is regarded as being in 
the transient state (neither deactivated nor activated) and at least 

one data link connection is in a mode Setting or multiple frame mode 

of operation. 


TMO1 is started whenever state 2 is entered: 
on receipt of an MPH-ACTIVATE-IND primitive in state 1; and 


on receipt of an INFORMATION (FREE) signal in state 3. 


Timer TMO1 is started whenever state 5 is entered: 


Timer 


on receipt of an INFORMATION (FREE) signal in state 6. 
TMO1 is restarted in states 2 and 3 when: 


TMO1 expires while deactivation is disabled by the receipt of a STATUS 
(DISABLE) signal; and 


an INFORMATION (UNIT DATA) signal is received in order to allow 
sufficient time for current and further unacknowledged information 


transfer. 


Timer TMO1 has a value of ten seconds at the network side. 
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STATUS (DISABLE) 


STATUS (ENABLE) 
[Set Deactivation Disabled ] 


[Set Deactivation Enabled } 









T™01 Expiry 
DEACTIVATION DISABLED 
[Start TMQ] } 
INFORMATION 
(UNIT DATA) & 
[Restart TMO} | ie TMO1 Expiry 
DZ DEACTIVATE ENABLED 
interrupted 
and free [MPH-DEACTIVATE-REQ] 





INFORMATION 


Nis (IN USE) 


info xfer 
and free 














MPH-ACTIVATE-IND 





arnt 








INFORMATION 
(FREE) 













MPH- 
DEACTIVATE 
-IND 


EMO1 Expiry 
DEACTIVATION ENABLED 
[MPH-DEACTIVATE-REQ] 





ZOn-odo>zzwmONZH 















2. OF FS Sn Om Zs 


2 






No 
info xfer 
and in use 


Info xfer 
and free 















TM01 EXPIRY 
DEACTIVATION DISABLED 
{Start TM01] 









INFORMATION 
E] (UNIT DATA) 
{Restart TMO1 ] 











INFORMATION 








(IN USE) 
6 2 [Stop TMO1] 
ee ne MPH-ACTIVATE-IND 
interrupted 
and in use 








INFORMATION (FREE) 
[Start TMO1] 







& MPH-ACTIVATE-IND 







MPH-ACTIVATE-IND 





MPH-DEACTIVATE-IND 
T1104200-36 


FIGURE HI-2/Q.921 


State transition diagram of a deactivation procedure with MPH-DEACTIVATE-IND 
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III.4 Deactivation procedure without MPH-DEACTIVATE-IND 


This deactivation procedure does not make use of the 
MPH-DEACTIVATE-IND primitive to provide an option of layer 1 implementation. 
Thus this procedure can be represented by only four states, i.e. State i, 
rtate 2, state 3, and state 4. States 5 and 6 have disappeared. 


Figure II1-3/Q.921 provides a state transition diagram of this 
deactivation procedure without the MPH-DEACTIVATE-IND primitive. 





STATUS ENABLE 
[Set Deactivation Enabled ] 


MPH-ACTIVATE-IND 







INFORMATION 
(UNIT DATA) 
[Restart TMO1 ] 


Info xfer 
and free 


STATUS (DISABLE) 
[Set Deactivation Disabled ] 


INFORMATION 
(IN USE) 


MPH-ACTIVATE-IND 
[Start TMO1] 











No 
info xfer 
and free 












INFORMATION 
(FREE) 









TMO1 Expiry 
DEACTIVATION ENABLED 
[MPH-DEACTIV ATE-REQ] 











TMO1 Expiry 
DEACTIVATION DISABLED 
[Start TMO1 J 







INFORMATION 
(IN USE) 
[Stop TMO1] 



















3 


Info xfer 
and in use 






MPH-ACTIVATE-IND 






INFORMATION (FREE) 
[Start TM01] J 
T1104210-86 
MPH-ACTIVATE-IND 
FIGURE ITI-3/Q.921 


State transition diagram of a deactivation procedure without MPH-DEACTIVATE-IND 
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APPENDIX IV 
(to Recommendation Q.921) 


Automatic negotiation of data link layer parameters 


Ve General 


Each data link layer entity has an associated data link connection 
Management entity. The data link connection management entity has the 
responsibility for initializing the link parameters necessary for correct 


peer-to-peer information transport. 


The method of initialization of the parameters follows one of the 
two methods below: 


= initialization to the default values as specified in 85.9; 
or 


= initialization based on the values supplied by its peer 
entity. 


The latter method utilizes the parameter negotiation 
procedure described in this appendix. Typically, after the asSignment of a 
TEI value to the management entity, the data link connection management entity 
is notified by its layer management entity that parameter initialization 1s 
required. 


The data link connection management entity will invoke the 
peer-to-peer notification procedure. After parameter initialization, 
the data link connection management entity will notify the layer management 
entity that parameter initialization has occurred, and the layer management 
entity will issue the MDL-ASSIGN-REQUEST. 


IV.2 Parameter initialization 

The parameter initialization procedure may invoke either the 
internal initialization procedure or the automatic notification of data link 
parameter procedure. 
IV.3 Internal parameter initialization 

When the layer management entity notifies the connection management 
entity of TEI assignment, the connection management entity shall initialize the 


link parameters to the default values and notify the layer management of task 
completion. 
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IV.4 Automatic notification of data link layer parameter values 


For each data link layer an exchange of certain data link layer 
parameters may take place between the peer data link connection management 
entities before entering the TEI-assigned state. This exchange may be 
initiated after acquiring a TEI, that is, after: 


as receipt of a DL-ESTABLISH-REQUEST or a DL-UNIT DATA-REQUEST 
primitive following a power-up condition associated with 
non-automatic TEI user equipment. 


= receipt of the Identity assigned response for automatic TEI 
assignment user equipment. This message contains the TEI 
received by the layer management entity. 


The data link connection management entity, following assignment 
of a TEI from the layer management entity, shall issue an XID command with the 
P bit set to 0 and containing the parameter message shown in 
Figure IV-1/Q.921, and start the connection management timer TM20. 


The I field of the XID command frame shall reflect the parameters 
desired for future communications across this data link layer connection. 


The peer data link connection management entity, upon receipt of 
this XID command frame, shall transmit an XID response with the F bit set to 
O containing the list of parameter values that the peer can support. 


If the data link connection management entity receives the above XID 
response prior to expiry of timer TM20, it shall stop the timer, and shall 
notify the layer management entity of a successful parameter exchange. However, 
if timer TM20 expires before receiving the XID response, the data link 
connection management entity shall retransmit the XID command, increment the 
retransmission counter and restart timer TM20. This retransmission process is 
repeated if timer TM20 expires again. Should the retransmission counter equal 
NM20, or an XID response frame with a zero length I field be received, the data 
link connection management entity Shall issue an indication to the layer 
management entity and initialize the parameters to the default values. The 
layer management entity may log this condition and then issue the 
MDL-ASSIGN-REQUEST primitive to the data link layer. 


The timer TM20 is set to 2.5 seconds and NM20 is set to 3. 
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7 APPENDIX 
ABBREVIATIONS AND ACRONYMS USED IN RECOMMENDATION Q.921 


Abbreviation 
of acronym Meaning 

Ai Action indicator 

ASP Assignment source point 

CEL Connection endpoint identifier 

CES Connection endpoint suffix 

C/R Command/response field bit 

DISC Disconnect 

DL—- Communication between Layer 3 and data link layer 
DLCI Data link connection identifier 

DM Disconnected mode 

EA Extended address field bit 

ET Exchange termination 

FCS Frame check Sequence 

FRMR Frame reject 

1 Information 

ID Identity 

ISDN Integrated Services Digital Network 

L3 Layer 3 

L2 Layer 2 

L1 Layer 1 

LAPB Link access procedure — Balanced 

LAPD Link access procedure on the D-channel 

M Modifier function bit 

MDL—- Communication between management entity and data link layer 
MPH— Communication between system management and physical layer 
N(R) Receive sequence number 
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N(S) 
P72 
PH- 

RC 
REC 
REJ 
Ri 
RNR 


RR 


SABME 
SAP 
SAPI 
TE 
TEL 


TX 


UA 
Ul 
V(A) 
V(M) 
V(R) 
V(S) 


XID 
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Send sequence number 


Poll/Final bit 


Communication between data link layer and physical layer 


Retransmission counter 

Receiver 

Reject 

Reference number 

Receive not ready 

Receive ready 

Supervisory 

Supervisory function bit 

Set asynchronous balanced mode extended 
Service access point 

Service access point identifier 


Terminal equipment 


Terminal endpoint identifier 


Transmit 


Unnumbered 

Unnumbered acknowledgement 
Unnumbered information 
Acknowledge state variable 
Recovery state variable 
Receive state variable 
send state variable 


Exchange identification 
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